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actors Affecting Resistance 


of Portland Cement Concrete to 
Nealiné Action of Thawing Agents 


BY THE PHYSICAL RESEARCH BRANCH 


BUREAU OF PUBLIC ROADS 


This report is a resume to date of inves- 
tigations conducted to test materials and 
procedures for protecting concrete pave- 
ments against scaling and disintegration 
caused by calcium chloride and other thaw- 
ing agents used for ice removal. A labo- 
ratory investigation by the Bureau of Public 
Roads was started in 1948 on methods of 
protecting the wearing surface of concrete 
against the action of calcium chloride. 
Later a similar study was made of the effect 
of outdoor weather conditions on small 
slabs placed on the ground. It was found 
that resistance to scaling was affected by 
air content, type of air-entraining admix- 
ture, surface treatments or coats, admix- 
tures of oils, inhibitors, fly ash as a replace- 
ment for portland cement, rate of applica- 
tion of calcium chloride, curing methods, 
thawing agents other than calcium chloride 
or common salt, and by the vacuum method 
of placing concrete. 


URING the winter months when ice has 

formed on pavements and bridge decks, 
sodium chloride or calcium chloride or mix- 
tures of the two are spread on surfaces to 
thaw the ice and make the riding surface safe 
for traffic. This practice has been common in 
many parts of the country for 25 years or 
more. The continued use of these salts, usually 
spread in flake, pellet, or crystal form, has 
frequently resulted in excessive scaling of the 
wearing surface of portland cement concrete. 
In some cases the action has been so severe as 
to cause complete disintegration. 

In States where ice covers the pavements 
many times each winter, the problem of ice 
removal by chemicals and the attendant 
scaling and disintegration of the concrete is 
a serious one. Since sodium and calcium 
chlorides are very effective for melting ice, 
there is great interest in developing methods 
of making concrete resistant to their action. 
In New York, particularly, and in several of 
the other Northeastern States, climatic condi- 
tions, hilly terrain, and heavy traffic have 
intensified this problem of developing a 
concrete resistant to the scaling caused by 
chloride salts. 
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The Bureau of Public Roads began a labora- 
tory investigation in 1948 of methods of 
protecting the wearing surface of concrete 
against the action of calcium chloride. Later 
because of the extreme severity of the labora- 
tory test which caused doubt as to its similar- 
ity to field conditions, a similar study was 
made under outdoor weather conditions on 
small concrete slabs on the ground. This is a 
progress report of a continuing research 
program and has been prepared to summarize 
the information obtained on the laboratory 
tests and the outdoor exposure tests through 
the winters of 1951-52, 1952-53, and 1953-54. 


Scope of Study 

The laboratory 
resistance was 
follows: 

1. The effect of increasing the air content of 
the fresh concrete beyond the 6 percent 
maximum limit now generally permitted in 
specifications for concrete for 
construction was investigated. 

2. The effect of delaying the scaling action 
by surface coatings of crankcase oil (undiluted 
and diluted) with various percentages of 
gasoline, and the effect of time of application 
of the oils were studied. 

3. The effect on scaling action of using 
paraffin and asphaltic base lubricating oils 
(both new and used) as admixtures in con- 
crete was studied, and also the effect of these 
materials on strength, shrinkage, and resist- 
ance to freezing and thawing in water. 

4. An investigation was made of the fol- 
lowing miscellaneous factors: Effect of using 
various amounts of calcium chloride applied 
to a given area for ice removal, of using a 
possible rust inhibitor mixed with calcium 
chloride, and of using urea for ice removal in 
place of calcium chloride. 

5. A study of the improvement in the qual- 
ity of the wearing surface produced by vacuum 
treatment of the concrete was undertaken. 

The outdoor investigation to date covers 
tests over three winters. The variable studied 
during the first winter was type of air- 
entraining admixture. Twenty-seven com- 
mercial air-entraining admixtures were used 
in amounts that produced about the same air 
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content in each of the concrete slabs. 
the second and third winters the 
program was divided into four parts: 

1. Tests made the first winter were repeated 
with most of the 27 air-entraining admixtures, 
but using two cements (brand A with high 
alkali content and brand B with low alkali 
content). Five more air-entraining admixtures 
were included which had been received too 
late for the first series. 


During 
outdoor 


These concrete slabs 
were cast in molds both on a metal base and 
on a sand base. 

2. The effect on the resistance to scaling of 
replacing part of the portland cement with 
fly ash was studied. A fine and coarse fly 
ash from each of two sources were used because 
previous experience indicated that the finer 
the fly ash from a given source the lower 
the carbon content. Two concretes, plain and 
air-entrained were used for each fly ash 
replacement, with each of the two different 
cements (brands A and B). a 

3. The effect of methods of curing¥ the 
concrete on resistance to chloride attack was 
investigated. In connection with the curing 
study, surface applications of oil were also 
made following the curing period. 

4. The effect of vacuum treating the sur- 
faces of both plain and air-entrained concrete 
was studied. 


Conclusions 


The principal conclusions of the laboratory 
tests (artificial freezing) were as follows: 

1. A sealing test which involved freezing 
of water on the surface of concrete test slabs 
and thawing with an application of flake 
calcium chloride showed that the resistance 
of the concrete was a function of the amount 
of entrained air. An air content in excess of 
6 percent was more effective in making con- 
crete resistant to the scaling action of calcium 
chloride than increasing the cement content. 

2. Concrete which was cured and seasoned 
and then coated with mineral oil showed 
greater resistance to caleium chloride attack 
than similarly cured concrete which received 
no protective treatment. Multiple coats of 
oil were slightly more beneficial than a single 
coat of oil. Application of oil to freshly placed 
concrete decreased the resistance to scaling. 
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Table 1.—Chemical composition and physical properties of portland cements and fly ashes 


























Portland cement | Fly ash 
A | B | A | B | x » 
Chemical composition (in percent): 
i Seer 6 ee ee 22.0 22.3 47.1 49. 2 41.2 38.5 
CS Ee, oe eee ee 5.6 5.4 18. 2 19.9 2751 23. 5 
SEE, Ft ee Se 2.5 2.4 19. 2 16.2 20. 6 18.8 
se ia ka wadindwaeecuadess 62.8 66. 1 7.0 5.5 6.0 3.2 
IR reciente cowecducasowenns 3.0 1.0 i 1.4 2 1.0 
TR Dis icndincadtctallsaeewsionenexciiel 2.0 1.7 2.8 2.7 9 .6 
Loss on ignition.....-.-..-.--- ii cineca asipit aaaeass seaeaneee 8 1.2 11.2 11,2 15.4 111.6 
0 SE Sa ee eee Se -40 . 04 1.80 2.00 1.00 - 60 
Potassium oxide_..__- = 1.05 15 2.15 2.35 1.42 1. 88 
Total equivalent alkalies as NazO.._-..........-___- 1.09 14 3. 21 3. 55 1.93 1. 84 
I  ixtcscticelethwneenuawnas cones nne sees .16 oun ibees. 0) Seenies W Medta~ ieee 
Chloroform-soluble organic substances. _------------ . 009 . 003 Pa ae, ae ee a, ee ae 
Free calcium oxide_-_------------ Sotas Soames 85 SEO, ‘wxaacs Wr aisese D walsee 
Water-soluble alkali: 
DERE Rtiserdcdg bkechunkowbitndnnrineabon 11 . Oe eae, eee sae a Pn oo 2 
hah cliche ol ein ote ciency tom wc - 02 ~~ ae 2 geen 'O. “Guote 
Computed compound composition (in percent): 
a a cnsndewsemestecntsceenasaccan 42 55 a2 geet eee 
Dicalcium silicate_........-.-- (iitethncaquasnnnuene 31 22 a ee Pee eee 
BO SE eee 11 Be OP awcane: etn E isaasee. © cases 
Tetracalcium aluminoferrite -_._......-..-..---.--- 8 7 aoa: Mh aka E simpaa! El monet 
Ce nit dupeineeeddewessccstanteexeus: 3.4 a ey BAC) See Pe) ee 
i jit ehisiadaaatiebnkqtaaeedvaswsdeeeee) sencca | ownsen m 6 5.0 11.2 
RE TS ES I See 01 04 .04 .03 
Physical properties: 
Apparent specific gravity .--.-.......-..-.-----.---- 3. 20 3.17 2. 49 2. 52 2. 51 2. 43 
Specific surface (Wagner)....__-.---_---_-- cem.2/g...| 1,800 ee Or ee eee aca ee Awe 
Specific surface (Blaine)... _........-.-.-- . a eee een 3, 075 4, 305 2, 565 3, 220 
Autoclave expansion. --.-....-..--.-------- percent . 32 . 2 eae eee goss. 8 sv aaae 
rere do...-| 25.5 mee Ve Scere eh Ue Vn 
Time of a (Gillmore test): 
a eo Be ae eee hours a2 Oy 22 Ft ee 
See do--- 5.2 eT aD (ASIEN ‘Seneoaes ne ae 
bees strength (1:2.75 mortar): 
oS ae p.s.i.-| 2,340 ee Lr ec PP ees he ds iG 
At 28 y deca eekRG ha ears nian ble pasa do-- 3, “¥3 RE eh Cowecen! Wann ccs pees 
Mortar aly content... .....................- percent. Wee fe oncmag beets ie Seca Se aera 
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1 Determination made at 600° C. 


3. Neither paraffin nor asphaltic base oil 
used as admixtures were of much value in 
either delaying or controlling the progress of 
scaling. Used crankcase lubricating oil was 
effective in retarding the start of scaling, 
because of the air entrained in the fresh con- 
crete by this material. 

The use of one-third or two-thirds of a 
gallon of paraffin or asphaltic base oil per 
sack of cement as an admixture had no effect 
on the air entrained in the concrete. A slight 
reduction in shrinkage and in strength and a 
slight improvement in durability as measured 
by resistance to freezing and thawing in water 
resulted from the use of these oils. 

The use of one-third or two-thirds of a 
gallon of used crankcase lubricating oil per 
sack of cement entrained air in the concrete. 
Concretes containing these admixtures showed 
a reduction in strength and an improvement 
in durability proportional to the amount of 
air entrained. The shrinkage of the con- 
crete containing crankcase oil was about the 
same as the concrete without admixture. 

4. Urea, reported to be a thawing agent 
non-corrosive to metals when used to thaw 
ice on concrete, was slower in thawing action 
than calcium chloride. It also caused scaling 
but not so quickly as calcium chloride. 

Varying the amount of the thawing agent 
(caletum chloride or urea) had little effect 
either on the start or rate of progress of the 
scaling. The use of a metal corrosion inhibitor 
had only a slight retarding action on scaling 
of concrete when used with calcium chloride 
for ice removal. 

5. Concretes containing 6 or 7 sacks of 
cement per cubic yard, both plain and air- 
entrained, were benefited in their resistance to 
scaling by the use of the vacuum treatment 
of the plastic concrete. 
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The principal conclusions of the outdoor 
exposure tests were as follows: 

1. All the air-entraining admixtures tested 
in concrete were effective in delaying the start 


of serious scaling. As indicated by the pr: - 
liminary tests of the first winter, the synthet = 
detergents and the salts of proteinaceois; 
materials were less effective than the admix- 
tures in the other groups. In the subsequer: 
tests made the next two winters, the synthe 
detergents were relatively more effective th: 
they were in the preliminary tests. For t 
concrete containing aggregates with a 1-in 
maximum size, the tests indicate that mo 
satisfactory resistance is obtained when t] 
air content is greater than 5 percent. 


2. For the variables studied, the scaling 
concrete was less pronounced when the con 
crete had been cast in a mold with a sand ba: 
than when cast in a mold with a metal base 
The water retention of the concrete cast on 
the sand base is less than that cast on a metal 
base. The resulting decrease in the water- 
cement ratio accounts for the difference in 
resistance to scaling. 


3. The two portland cements used did not 
produce concretes of equal resistance. The 
concretes made with cement B (low alkali 
content) were more resistant than the con- 
cretes made with cement A (relatively high 
alkali content). The different treatments of 
the concretes did not appear to change this 
relative difference between the cements in 
resistance to scaling. 

4. Replacing portland cement in the mix 
with fly ash, regardless of the fineness or 
carbon content, was detrimental to the resist- 
ance of the concretes to attack by calcium 
chloride used for ice removal. Maintaining 


= 


Table 2.—Mix data for laboratory slabs, 6 by 12 by 2 inches thick ! 







































































Mix by Admixture | ; ; Weight of 
dry weight | Cement | Water Slump Air plastic 
¢ Amount? Type concrete 
——_—_ he 
PART 1: EFFECT OF AIR CONTENT 
Sack} 

Pounds ; cu. yd, ‘ona, /sack| Inches Percent | Lb.)cu. ft. 
94-210-320 | __- I og 6.6 5.7 z 1.5 149.0 
94-200 320 | 0.004 Vinsol resin. . - 6.0 5.4 2.4 2.7 148.0 
94--180-320 | 0.011_-.-|.--..do_-._-_ 6.1 5.1 2.6 6.0 143.7 
94-160-320 | 0.025 — I ae 4 4.7 3.2 13.0 131.6 
94-170-270 |..........| None_..-.-- 70 | 48 2.6 1.5 149.3 
94-155-270 | 0.005 Vinsol resin_- 7.2 4.5 2.4 2.7 148.9 
94-140-270 | 0.011 ee! es 7.2 | 4.2 2.2 4.9 143.8 
994-130-270 | 0.022 — ee , | 4.1 2.2 7.2 139. 6 

PART 2: EFFECT OF OIL SURFACE TREATMENT 
94-210-320 None_-_. 5.9 | 6.1 | 3.5 1.9 | 147.3 
PART 3: EFFECT OF OIL ADMIXTURES 

94-210- 320 | _.- -) mae 5.9 | 6.1 3.0 | 2.0 146.6 
94-170-320 | 34gal___| Used crankcase oil | 6.0 5.4 48 | 5.7 140. 0 
94-200-320 | 34gal___| Paraffin oil_- 5.9 | 5.7 40 | 20 146. 3 
94-200-320 | 3$gal___| Asphalt oil i 5.9 | 6.7 3.5 2.4 145. 3 

PART 4: EFFECT OF THAWING AGENT 
94~210-320 |_.-.-..-- i | 5.9 | 6.1 | 3.5 | 1.9 147.3 
a as 
PART 5: EFFECT OF VACUUM SURFACE TREATMENT 

oc-aee-iee1..........) ewe ................... Oe. Meo 1.7 148. 6 
wa-160-Sae |} OONO.....1 Vineolrvesin.....-....................- 6.2 | ae Us cece 7.4 141.1 
94-170-270 |....._....| None_.__- ea ieee hes 7 1 ae ek 1.7 148. 6 
94-130-270 | 0.022....]| Vinsolresin......___._._______- eee oe 4.1 _—s : 7.8 139. 3 

| 














1 Materials used: cement, brand A; siliceous sand, F.M. =2.70; siliceous gravel, 34-inch maximum size. 


2 Per sack of cement. 


Except for oil admixtures, amounts are expressed as percent by weight of cement. 
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Figure 1.—Rating scale (0-10) of resistance of concrete to scaling after 
laboratory freezing and thawing with calcium chloride. 


a fixed air entrainment within the usual 
specification limits did not balance the lowered 
resistance caused by the use of fly ash. 

5. In general, the type of curing had little 
apparent effect on the resistance of the con- 
cretes to calcium chloride attack. The mem- 
brane curing, when the film remained un- 
broken, had some protective action. Under 
traffic conditions such a film would probably 
be of little or no value. 

6. The concrete cast in molds with metal 
bases and subjected to a vacuum treatment 
was little different in resistance to scaling 
from similarly cast untreated concrete. How- 
ever, when the concretes were cast in molds 
with sand bases the concrete on which the 
vacuum treatment was used was more resist- 
ant to scaling than the untreated concrete. 
This same relationship held for concrete with 
air contents ranging from 1 to 10 percent. 


Laboratory Exposure Series 


The portland cement used was an ASTM 
Type I cement. It is designated as brand A 
cement and is the same cement as brand A 
used in the outdoor investigation. Table 1 
gives the chemical composition and physical 
properties of the cement. 

The aggregates used for all concrete mixes 
for the sealing tests consisted of a siliceous 
sand having a fineness modulus of 2.70 and a 
well-graded siliceous gravel of %4-inch max- 
imum size. For the test specimens used for 
determining strength, resistance to freezing 
and thawing in water and volume change, 
crushed limestone was used as coarse aggre- 
gate. Concretes made from similar aggre- 
gates have good service records for durability. 
The concrete mix data are given in table 2. 

The specimens used in the laboratory scaling 
test consisted of concrete slabs having a 
Wearing surface of 6 by 12 inches and a thick- 
ness of 2inches. The slabs were cast and the 
concrete rodded and spaded in the usual 
manner. In one group of slabs a vacuum 
treatment was applied to the plastic concrete 
after casting. 

Approximately 3 hours after molding, the 
top surface of each specimen was given a 
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broomed finish to simulate the surface finish 
frequently given pavement slabs. Subse- 
quent to brooming a mortar dam approx- 
imately one-half. inch in height was cast 
around the perimeter of the specimen. In 
general, the concrete was cured in moist air, 
the bottoms and sides of the specimens were 
waterproofed with a heavy coating of paraffin, 
and then stored in the air of the laboratory 
before starting the freezing and thawing 
cycle. The exact period of curing is shown in 
the notes of tables 3-6 and 12-13. 

The top surfaces of the slabs were first 
flooded with one-quarter inch of water, after 
which the specimens were placed in the freezer 
and the surrounding air temperature reduced 
to —10° F. The slabs were kept in the 
freezer approximately 15 hours, then removed 
from the freezer, and flake calcium chloride 
applied directly to the ice-covered surface. 
In general, the amount of calcium chloride 
applied was 2.4 pounds per square yard of ice- 
encrusted surface. This is the maximum 
amount usually applied in practice and is the 
amount used by other investigators. In one 
group of tests different amounts of calcium 
chloride were applied per square yard. After 
the ice had thawed, the calcium chloride 
solution was washed from the surface of the 
slabs, fresh water applied and the cycle re- 


0 24 


peated. One cycle was completed each 24 
hours from Monday through Friday. The 
slabs remained in the freezer from Friday 
night until Monday morning. 

In general, three slabs were made for each 
condition and two or more rounds of slabs 
made on different days for each condition of 
test. Only one round of slabs was photo- 
graphed and since the rounds in general 
checked each other very closely the results of 
only one round are reported. 

The various slabs were rated periodically 
for surface scale. The ratings were based on 
visual observation of the extent and depth of 


scale. The following tabulation describes the 
numerical significance of the rating: 
O—No scale 
1—Scattered spots of very light 
scale . 
2—Scattered spots of light 
scale 


3—Light scale over about one- 
half of the surface 
4—Light scale over most of 
surface 
5—Light scale over most of sur- 
face, few moderately deep 
spots 
6—Scattered spots of moder- 
ately deep scale 
7—Moderately deep scale over 
one-half of the surface 
8—Moderately deep scale over 
entire surface 
9—Scattered spots of deep 
scale, otherwise moderate 
scale 
10—Deep scale over entire sur- 
face 
Typical examples of the various ratings are 
shown in figure 1, and figure 2 illustrates 
progressive scaling of three identical slabs as 
the number of cycles of freezing and removal 
of ice with calcium chloride was increased. 


Outdoor Exposure Series 


The portland cements used were ASTM 
Type I cements. Two cements were used, 
brand A and brand B. Brand A had a rela- 
tively high alkali content and brand B a very 
low alkali content. Table 1 gives the chemical 
and physical properties of the cements. 


EEL ER DORE 
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Figure 2.—Progressive scaling of non-air-entrained concrete after indicated cycles of 
laboratory freezing and thawing with calcium chloride. 
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Figure 3.—Effect of percentage of entrained air on resistance of concrete to scaling after 
laboratory freezing and thawing with calcium chloride. 
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Figure 4.—Effect of percentage of entrained air on resistance of concrete to scaling after 
laboratory freezing and thawing with calcium chloride. 


The aggregates used for all mixes consisted 
of a siliceous sand having a fineness modulus 
of 2.70 and a crushed limestone coarse aggre- 
gate of l-inch maximum size. Concretes con- 
taining these aggregates have a good service 
record for durability. 

The rapidity with which scaling started on 
the small slabs frozen in the laboratory freezer, 
suggested the possibility that the conditions 
were far more severe than those occurring 
under field applications of calcium chloride. 
In order to study this feature further, slabs 
16 by 24 by 4 inches deep with raised edges or 
dams around the perimeters were made for 
outdoor exposure. 


The surfaces of the slabs were given a 
broomed finish and most of them were then 
cured in the moist room from 28 to 90 days and 
then placed in the exposure area. The speci- 
mens were in the exposure area from 30 to 100 
days before the first application of calcium 
chloride was made. A description of the 
treatment is in the notes to tables 15 to 21. 
Broomed finishing was selected because ob- 
servations indicated that a broomed finish 
tended to hold the calcium chloride solution 
on the pavement surface and retarded its re- 
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moval by drainage. In the fall and winter, 
the top surfaces of the test specimens were 
kept covered with water. 

The first slabs were made in the laboratory 
in water-tight molds with a metal base. This 
condition simulates concrete placed on an 
impervious subgrade or on paper or asphalt 
seals placed on the subgrade. Later tests 
were made using a damp sand base which 
would be more nearly comparable to types of 
subbases often used under concrete pavements. 
With the exception of the series in which 
curing was studied, all other slabs were made 
in the laboratory. 

When ice was frozen on the slabs, calcium 
chloride was applied to the surface at the rate 
of 2.4 pounds per square yard. After the ice 
was completely thawed, the surface was 
washed and fresh water left on the surface to 
await another freezing. 


During the winter of 1951-52, 19 cycles 
were obtained, and during the winter of 
1952-53, only 17 cycles, and in the winter of 
1953-54, 34 cycles. 

The slabs were rated periodically for surface 
scale. The ratings were based on visual ob- 
servation of the extent and depth of scale. 


The numerical significance of the rating s) s- 
tem used was the same as that shown for t.1e 
small laboratory exposed slabs. 


Discussion of Laboratory Tests 


Air content, part 1 

In this group of laboratory tests the obj: ct 
was to study the effect of increasing the cir 
content beyond the maximum 6 percent limit 
now generally permitted for use in conercie 
pavements. Since the maximum size of ag- 
gregate used with the 6- by 12- by 2-inch 
slabs was three-fourths inch, this necessitaied 
a higher air content for a given degree of 
durability than is required by a normal pavy- 
ing mix containing aggregate graded up to 2 
inches. This increase in air requirement has 
been shown by a number of investigators to 
be necessary in maintaining the level of 
durability.! 

Two different proportions were used, one 
containing 6 and the other 7 sacks of cement 
per cubic yard. The slump of the concrete 
was maintained at 2 to 3 inches. Where en- 
trained air was desired, neutralized Vinsol 
resin was used to produce the quantity of 
air specified. 

Table 3 shows the scale ratings of the sur- 
faces of the slabs containing various percent- 
ages of air. These ratings are reported at 
30, 36, 42, 50, and 60 cycles when the tests 
were discontinued. Some tests were discon- 
tinued sooner because of the condition of the 
slab. The slabs having a cement content of 
6 sacks per cubic yard had a maximum air 
content of 13 percent instead of the 7 to 8 
percent which was planned. 

The surface condition of the slabs after 
various cycles of exposure to calcium chloride 
action is well illustrated in the photographs 
in figures 3 and 4. Figure 3 shows the con- 
dition of the surface of concrete made with 6 
sacks of cement per cubic yard and various 
air contents ranging from 1.5 to 13.0 percent. 
In each case the three slabs in a vertical 
column were identical in composition and 





1 Effect of entrained air on concretes made with so-called ‘‘sand- 
gravel” aggregates, by Paul Klieger, Journal of the American 
Concrete Institute, Oct. 1948. 


Table 3.—Rating of resistance to surface 
scaling of concrete slabs containing vari- 
ous percentages of air, part 1 of laboratory 
tests ! 




















| Rating after treesing and thawing ' 
| 
Ce- wig | pe” 
ment | Ai | l ere ae 
30 | 36 | 42 50 | 60 
cycles | cycles | cycles | cycles | cycles 
Sack/ 
cu. yd. | Percent | 
6.0 ae ee ee be 
60 | 27 | 6 | 8 10 ge ira 
a: | 66/2] 8 5 6 | 8 
5.9 13.0 0 | 0 _*., 2 
7.0 1.5 a; meee oe 
7.2 2.7 | 2 5 | 8 | 10 
es |} ee [tied S$.) SoS ‘ 
Z1 | 7@2 | O | 2 > ee tae es 








1 Each value is average of 3 tests. Slabs cured in moist «ir 
for 21 days followed by 14 days storage in laboratory air. 

2 Air content determined by ASTM tentative metliod 
C231-49T. ; , sd 

3 Freezing and thawing tests were discontinued wc? 
surface scaling rating was 10, or at 60 cycles. 
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Figure 5.—Effect of single coat of mineral oil on resistance of non-air-entrained concrete to 
scaling after 40 cycles of laboratory freezing and thawing with calcium chloride. 
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Figure 6.—Effect of multiple coats of mineral oil on resistance of non-air-entrained concrete 
to scaling after 40 cycles of laboratory freezing and thawing with calcium chloride. 


treatment. Under each column is shown the 
air content of the fresh concrete. 

The slabs in which no air-entraining ad- 
mixture had been added (1.5 percent air) 
were removed from test at 36 cycles because 
the surfaces were rated 10 after 36 cycles (see 
table 3), and the entire slab was almost com- 
pletely disintegrated. Likewise the test of 
the concrete that contained only 2.7 percent 
air was discontinued after 42 cycles, at which 
time they were rated 10. It is interesting to 
note that at 60 cycles 6 percent of entrained 
air, which is the maximum for most specifica- 
tions, was not enough to give adequate pro- 
tection (rating of 8) for this type of exposure. 
However, 6 percent delayed the start of scai- 
ing and the rate of disintegration was less. 
The slabs shown in figure 3 containing 13.0 
percent were rated 2 after 60 cycles which is 
little more than the start of scaling. The 
high air content was accidental as it was not 
the intention to exceed 8 percent. The test 
was made even though it was realized that 
the strength and wear resistance would be 
Seriously affected by the very high air content. 

Figure 4 shows the slabs made with con- 
crete containing 7 sacks of cement per cubic 
yar’. The range in air content was from 1.5 
to 7.2 percent Fort a given air content the 
convretes containing 7 sacks of cement per 
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cubic yard were only slightly more resistant 
than the 6-sack concretes. 

The conclusion that can be drawn from the 
results of these tests is the importance of using 
as high an air content as possible without 
jeopardizing unduly strength or wear resist- 
ance. The tests also show that the air con- 
tent is far more important in its influence on 
resistance to scaling than the cement content. 


Surface treatments, part 2 


In this group a study was made of the effect 
on scaling of coatings of crankcase oil, un- 
diluted and diluted, with various percentages of 
gasoline. The effect of time of application of the 
oils on start of scaling was also investigated. 

Observations made in the field on actual 
pavements indicate that scaling was less likely 
to occur on those areas in the middle of the 
traffic lane containing noticeable oil stain than 
in the wheel tracks. It is believed that the 
oil drippings from cars and trucks fill the voids 
and reduce the absorption of the calcium 
chloride solution. 

The concrete used in the tests was made 
with non-air-entrained cement and contained 
6 sacks per cubic yard. The mix data are 
given in table 2. 

The slabs in the first section of the group 
were given a single coating of unused lubricat- 
ing or mineral oil (SAE No. 10 grade) either 


undiluted or diluted with gasoline. These 
surface treatments were quite similar to those 
used in New York State22. The combinations 
of oil and gasoline used for surface treatment 
and the scale ratings after 15 and 40 cycles of 
exposure are given in table 4. The condition 
of these slabs after 40 cycles of freezing and 
thawing is shown in figure 5. 

In the second section of this group, speci- 
mens were given several coats of oil. Two 
coats of the undiluted oil were used and three 
coats of the diluted oils. The concrete would 
not absorb more than two coats of the un- 
diluted oil within a reasonable period of time 
(24 hours) without leaving an appreciable 
residual film on the surface. The condition 
of these slabs is shown in figure 6. 

The two columns on the left in figure 5 il- 
lustrate the condition of the slabs without 
surface treatment. Calcium chloride was not 
applied to the slabs shown in the first column 
from the left and the ice was thawed in labo- 
ratory air at about 75° F. These slabs on 
which no calcium chloride was used showed 
some action and were given a rating of 4. 
Calcium chloride was applied to all the other 
slabs including the three shown in the second 
column that were uncoated. The specimens 
were all subjected to 40 cycles before the tests 
were discontinued. The uncoated specimens to 
which calcium chloride was applied were se- 
riously disintegrated at the end of 40 cycles 
and the surface scale rating was 8. 

All of the single-coated specimens showed 
slight scale and one of each group of three 
identical specimens was badly disintegrated. 
There was no very marked difference in pro- 
tection given by the undiluted oil as compared 
to the different dilutions as indicated by the 
ratings which varied from 2 to 4. 

The surface ratings for the slabs given mul- 
tiple coats of No. 10 oil or dilutions of the oil 
with gasoline are given in table 4, and the 
condition of the slabs after 40 cycles of freezing 
and thawing is shown in figure 6. The 
ratings indicate that at 40 cycles the multiple 


2 Control of concrete pavement scaling caused by chloride salts, 
by B. D. Tallamy, Journal of the American Concrete Insti- 
tute, Mar. 1949, vol. 20, No. 7. 


Table 4.—Effect of oil surface coatings on 
the resistance of concrete to scaling, part 
2 of laboratory tests ! 











| | Rating after 
7 | , freezing an 
abn | oo thawing for— 
appli- | Surface treatment? | thaw- 
cations | ing 15 40 
| cycles | cycles 
ae it Se >. a No 2 4 
ut POU ccmccstaccnces| ee 4 8 
1 50% SAE 10 oil, 50% Yes 2 4 
gasoline. | 
1 | 75% SAE 10 oil, 25% | Yes 2 3 
| gasoline. 
1 | 100% SAE 10oil_-_-_--- | Yes 2 2 
suc | DUMB wenesaneescs==.2 | No 2 4 
--- | a a Yes 4 8 
3 50% SAE 10 oil, 50% | Yes 2 2 
| gasoline. 
3 | 75% SAE 10 oil, 25% | Yes 2 3 
gasoline. 
2 | 100% SAE looll_-_----- | Yes 2 3 











1 Each value is average of 3 tests. Slabs cured in moist air 
for 21 days followed by 14 days storage in laboratory air. 

2 Surface treatment applied at the rate of 1 gallon per 20 
square yards at age of 28 days. 
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oil treatment is slightly more beneficial in 
preventing scaling than the single coating. 

Examination of all the slabs in the series 
indicates that no type of coating will prevent 
scaling from becoming progressive after a 
single break in the surface permits the 
calcium chloride solution to enter the con- 
crete under the oil-impregnated layer. On 
pavements in service such breaks in the oil- 
protected surface may be caused by tire 
chains. 

It was proposed in New York State that the 
oil coat could be applied to plastic concrete 
in lieu of a membrane curing compound. 
Therefore, to obtain information on the effect 
of such application, oil was applied to three 
slabs 3 hours after molding to simulate the 
time of application of a membrane curing 
compound. The other six slabs were given 
7 days moist curing. Three of the six were 
given no further treatment. To the remaining 
three an oil surface coat was applied after 7 
days drying. The ratings of these slabs 
after 15, 25, 50, and 60 cycles of freezing and 
thawing are shown in table 5. The applica- 
tion of oil to the surface of plastic concrete 
was definitely detrimental and resulted in 
much more severe scale than similar concrete 
that received no surface treatment. The 
slabs on which the oil was applied to the 
plastic concrete were rated 10 and the ones on 
which no oil was used were rated 6 after 60 
cycles of freezing and thawing. 

The concrete given an oil treatment after 
14 days had far better resistance to scaling 
than that which received no earlier surface 
treatment. These slabs were rated 3. These 
tests indicate that the oil protective coat 
cannot be applied at an early age and still 
have value in improving resistance to scaling 
caused by application of calcium chloride. 


Admixtures of oils, part 3 


In this phase of the investigation, paraffin 
base oil, asphalt base oil, and used crankcase 
oil were used as admixtures in concrete. 
The mixes and the mix data for the concrete 
used in this group are given in table 2. The 
scale ratings of the slabs are shown in table 
6 after 20, 30, 50, 65, and 75 cycles of freezing 
and thawing with calcium chloride. Figure 7 
shows the specimens after 75 cycles of freezing 
and thawing. 

The paraffin base oil and the asphalt base 
oil were ineffective in delaying the start of 
sealing or in controlling the rate of progress 
of the scaling. As may be seen from the 


Table 5.—Effect of time of application of 
oil coating on the resistance of concrete 
to scaling, part 2 of laboratory tests ! 





| Rating after freezing and 
thawing for— 
| 


Surface treatment 


| 
| 15 | 25 | 50 | 60 
cycles} zyclesicycles cycles 





OO a Ae 3 4 5 6 
Oil applied after 3 hours?_.| 4 4 6 10 
Oil applied after 14days*..| 2 | 2 3 3 














1 Each value is average of 9 tests. 
2 Slabs cured in moist air for 7 days followed by 28 days’ 
storage in laboratory air followed by 4 days’ soaking. 


148 


table, the slabs containing these oils showed 
more scaling at 20 cycles than the slabs made 
without admixture. At 75 cycles the slabs 
containing the paraffin or asphaltic base oils 
were rated 10, the same as the concrete 
slabs without admixture. 

The used crankcase oil was effective in 
retarding the start of scaling probably because 
of the air entrained in the plastic concrete. 
The concrete containing this material was 
rated 1 after 50 cycles and 4 after 75 cycles. 

Since some of the materials used as ad- 
mixtures are of value in delaying. the start 
of scaling, the effect of these admixtures on 
other properties of concrete is important. 
To study these properties, concretes containing 
these admixtures were tested for flexural and 
compressive strength, durability as measured 
by freezing and thawing (specimens frozen 
in water), and volume change due to drying. 

The mix data for the strength specimens are 
shown in table 7. Seven mixes were used, 
one a base mix without admixture containing 
6.0 sacks of cement per cubic yard of concrete 
with a slump of approximately 3 inches. The 
other 6 mixes contained the admixtures and 
were similar to the base mix, except that the 
sand and water content was reduced to 
maintain approximately the same slump and 
cement content. 

The one-third gallon of oil was selected 
because it was the amount used in previous 
tests for waterproofing concrete. Twice this 
amount was also used to determine if there 
were any harmful effects from using more than 
that recommended. 

The air contents of the mix without 
admixture and of the mixes containing the 
paraffin and asphalt base oils ranged from 
1.0 to 1.2 percent. The air content for the 
mix containing one-third gallon of used 
crankease lubricating oil per sack of cement 
was 6.4 percent, and for the mix containing 
two-thirds of a gallon it was 5.0 percent. Air 


Plain Used crankcase oil 


Table 6.—Rating of resistance to surf. ce 
scaling of concrete slabs containing « ils 
as admixture, part 3 of laboratory tess! 





Rating after freezing and tha, - 
ing for— 
Admixture Air? l — 
20 30 | 50 | 65 7 
cycles cycles|cycles cycles|cyc °s 














Per- 
cent } 
ee 2.0 1 2 3 9 1 
Used crank- 
case oil-_-_-- 5.7 1 1 1 2 
Paraffin oil__-_| 2.0 3 4) 4 10 1 
Asphalt oil___| 2.4 3 5 5 10 1 























1 Each value is average of 5 tests. Slabs cured in mois+ air 
for 14 days followed by 40 days’ storage in laboratory sir, 

2 Air content determined by ASTM tentative method 
C231-49T. 
determinations were made using a pressure 
type air-meter. 

The water required per sack of cement 
for the mixes containing the paraffin base and 
asphalt base oils was only slightly less than 
that required for the plain mix for the same 
slump and cement content. For the mix 
containing one-third gallon of used crankcase 
lubricating oil, it was 0.3 of a gallon less, and 
for two-thirds of a gallon it was 0.5 of a 
gallon less. 

The workability of all of the mixes contain- 
ing the admixtures was better than that of 
the plain concrete. This improvement was 
greater for those mixes which entrained air, 

For each mix, eight 6- by 6- by 21-inch 
beams and eight 6- by 12-inch cylinders were 
made, two each on 4 different days. Four 
beams and four cylinders were tested at 7 days 
and four at 28 days. All specimens were 
stored continuously in moist air until tested. 


Strength Tests 


The results of the strength tests are given 
in table 8. The table also shows the ratios 
of the strength developed with admixtures, 





Paraffin base oil Asphalt base oil 


Figure 7.—Effect of oil admixtures on resistance of concrete to scaling after 75 cycles of 
laboratory freezing and thawing with calcium chloride. 
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110 7 DAYS approximately 6 sacks of cement per cubic 
. y-28 DAYS yard of concrete with a slump of 3.3 inches. 

100 F Y Lira The other four mixes contained the admixtures 
UY) and were similar to the plain mix except that 

4 36. Uj sand and water contents were reduced to 

= Yj Uy maintain approximately the same consistency 

4 80 F Yj Y) and cement content. 

- Uy Yj The mixes and materials used were similar 
a 70F- Uj Uj to those used in the strength tests except that 
rs Uj Yj the maximum size of coarse aggregate was 
a 60 + Uj Yj 1 inch instead of 14% inches, and the percentage 
' Y of sand was increased. The use of a smaller 
° 50 LL i L, maximum size coarse aggregate resulted in 
E higher air contents in the concretes than 
= those in the concretes used for the strength 
zs No specimens. The greatest difference was in 
4 the mixtures containing two-thirds of a gallon 
3 100 F Y - of used crankcase oil. Five percent air was 
a Y G obtained for the concrete (14-inch maximum 

Y 90F Uy Y size) for the strength specimens and 10 percent 

7 Y Uj for the concrete (1-inch maximum size) for 

i 80+ YY Yj the freezing and thawing specimens. A mix- 

a. Yj Y ture containing one-eighth gallon of used 

3 70 F Y Y crankease oil was included in the freezing and 

= Yj Yj thawing series. This mix had an air content 

60 + Y Y)} ee percent which is within the accepted 
50 2 LZ For each mix, nine 3- by 4- by 16-inch 
NONE 5 GAL. 5 GAL. + GAL. § GAL. + GAL. § GAL. beams were made. Three beams were used 
PARAFFIN ASPHALT USED CRANK- for freezing and thawing, three were used for 
BASE OIL BASE OIL CASE OIL control and were tested for flexural strength 
ADMIXTURE along with the freezing and thawing speci- 
mens, and three were used for drying shrinkage 

Figure 8.—Strength ratios of concrete containing oils. tests. 


expressed as percentages of the strengths of 
the corresponding concrete without admixture. 
The strength ratios are shown graphically in 
figure 8. 

It should be noted that the use of the 
admixtures included in this series resulted in 
reductions in the 28-day flexural and compres- 
sive strengths. The 28-day ratios for the 
paraffin and asphalt base oils series ranged 
from 92 to 100 for flexural strength and 93 to 
100 for compressive strength. These reduc- 
tions would not be considered serious if the 
use of the admixture resulted in an improve- 
ment in the durability of the concrete. 

There was a greater reduction in the 
strengths of the mixtures containing used 
crankcase oils. The use of these admixtures 
resulted in the entrainment of air in the 
concrete; therefore the strength ratio of 85 
percent specified in the Tentative Specifica- 
tions for Air-Entraining Admixtures for 
Concrete, ASTM Designation C260-52T will 
serve as a basis for comparison. 

The strength ratios for the mixtures con- 
taining one-third gallon of used crankcase oil 
per sack of cement were lower than the ASTM 
Standard, and for those containing two-thirds 
of a gallon the ratios were all above 85 percent 
except the compressive strength ratio at 7 days 
which was 83 percent. The lower strengths 
of the }4-gallon mixtures were probably due 
to the air content of 6.4 percent as compared 
to 5.0 percent for the 34-gallon mixtures. 

The mix data for the freezing and thawing 
Specimens and the volume change specimens 
ar: given in table 9. Five mixes were used, 
on base mix without admixture, containing 
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Table 7.—Effect of oils on properties of concrete, mix data for strength specimens ! 





























Mix by i ee iP , Weight of 
dry weight | | Cement | Water Slump Air? plastic 
Amount Type | Conceans 
Sack/ 

Pounds Gal./sack : cu. yd. | Gal./sack| Inches Percent | Lb./cu. ft. 
94-195-350 | --.-_- WR ie Swales . 6.0 5.6 > > i eS | 153. 2 
94-195-350 a4 Paraffin base oil-_- ; 6.0 5.5 3.2 1.0 152.8 
94-190-350 a ee i Adecuedce 6.0 5.3 2.7 1.2 152.3 
94-195-350 ¥ Asphalt base oil_- 6.0 5.5 3:7 1.0 152.6 
94-190-350 28 eK “eae 6.0 5.3 2.8 1.0 152.1 
94-180-350 % Used crankcase oil- ._- a 5.8 5.3 3.1 6.4 145.0 
94-170-350 we Hack? ee _ z 6.0 | 5.1 2.5 5.0 146, 4 

| 





_ | Materials used: cement, brand A; siliceous sand, F. M.=2.70; crushed limestone coarse aggregate, 114-inch maximum 
size. 
2 Air content determined by ASTM tentative method C231-49T. 


Table 8.—Effect of oils on the strength of concrete ! 





Admixture | Modulus of rupture 3 Compressive strength 4 








| Air ? 7 days 28 days 7 days 28 days 
Amount Type See 


| 
| Strength} Ratio |Strength| Ratio Strength] Ratio St.ength| Ratio 














Gal./sack | Pet. 














| Pst. | Pe. | Pet. | Pet. | Past. | Pet. P.38.i. | Pet. 
Say ee None | 1.1 | 605 100 | 765 | 100 | 3,560 100 4,990 | 100 
| | | 
4% Paraffin base oil | 1.01] 59 | 96 | 705 | 92 3, 450 | 97 4, 660 93 
a ee re £3 | 605 | 100 735 | 96 | 3, 450 97 4, 720 | 95 
| 
3 Asphalt base oil_- |} 1.0 615 | 102 | 730 95 3, 440 97 | 4,840 | 97 
28 faouee eee | 1,0 615 102 | 765 | 100 3, 690 104 | 4,990 | 100 
| 
| | | 
y | Used crankcase oil---- 6.4 495 82 | 640 84 | 2,720 | 76 =| 3,880 | 78 
24 Le AMR inc Sha taecece 5.0 | 570 | 94 | 720 | 94 | 2,940 | 83 | 4, 250 | 85 





1 Each value is the average of 4 tests. 

2 Air content determined by;ASTM tentative method C231~9T. : 

3 Specimens were 6- by 6- by 21-inch beams tested_in accordance with ASTM standard method C7849. Beams tested 
with side as molded in tension. Ratio values for relative strength are based ‘on the strengths’for 'the mix without admixture. 

4 Specimens were 6- by 12-inch cylinders tested in accordance with ASTM,standard method C39-49. Ratio values for 
relative strength are based on the strengths for the mix without admixture. 
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Table 9.—Effect of oils on properties of concrete, mix data for freezing and thawing and 


drying shrinkage specimens ! 

















Admixture — 
} Weight of 
ge Nag Cement | Water Slump Air? plastic 
Amount | Type concrete 
Sack/ 

Pounds Gal./sack cu. yd. | Gal./sack| Inches Percent | Lb. /cu. ft. 
94-220-320 |  ..--. NEE Ra a ee a ee eee 5.9 6. 3.3 1.2 149.9 
94-205-320 WE USS eee eae eee 6.0 5.8 3.9 1.3 148.7 
94-205-320 eS eS ae ee 6.0 5.8 3.8 1.3 148.9 
94-200-320 4 | Used crankcase oil_-...........--.----- 5.9 5.6 4.1 5.2 144.5 
94-190-320 ae [ERE ee 5.6 5.6 4.2 10.0 137.0 























1 Materials used: cement, brand A; siliceous sand, F, M.=2.70; crushed limestone coarse aggregate, 1-inch maximum size. 


2 Air determined by ASTM tentative method C231-49T. 


The results of the freezing and thawing 
tests are shown in table 10 and figure 9. The 
bars (3 by 4 by 16 inches) for the freezing and 
thawing tests were stored in moist air for 
28 days prior to the start of the test. The 
freezing and thawing tests were made in a 
manner similar to that described in a previous 
article.’ 


The sonic modulus (N?) was determined on 
the specimens prior to freezing, and then 
after regular intervals of freezing and thawing 
the percentage decrease in N? was determined.‘ 
When a group of specimens showed an average 
decrease in N? of 40 percent, they were con- 
sidered disintegrated, and freezing and 
thawing was then discontinued and flexural 
strength tests were made. On the remaining 
specimens freezing and thawing was discon- 
tinued at 70 cycles and flexural strength tests 
were made. 


In table 10 are given the losses in N?, the 
durability factors, and the results of flexural 
strength on both the unfrozen control bars and 
the bars which had been frozen and thawed. 
The durability factor (DF) was calculated as 
follows: 

(100—L)n 
— 70 
Where: 
L=loss in N? at n cycles. 
n=number of cycles at which N? reaches 
40 percent or 70 if loss of 40 percent is 
not reached by end of test (70 cycles). 
Durability factors of 70 or greater for 
the particular conditions of this test 
are considered satisfactory. 


The concrete without admixture showed a 
loss in N? of 56 percent after 6 cycles of 
freezing and thawing. The freezing and 
thawing bars had a flexural strength of 24 
percent of the unfrozen control bars. The 
durability factor was 3. 


The concretes containing two-thirds of a 
gallon of paraffin base oil per sack of cement 
and two-thirds of a gallon of asphalt base oil 
showed a reduction in N? of 53 percent and 54 
percent, respectively, after 11 cycles of freezing 
and thawing, and the flexural strengths were 
30 and 31 percent of the corresponding control 
bars. The durability factor was 7 for both 
concretes. 





3 Evaluation of air-entraining admixtures for concrete, by 
F. H. Jackson and A. G. Timms, Pustic Roaps, Feb. 1954, 
vol. 27, No. 12 


4 Application of sonic method to freezing and thawing studies 
of concrete, by F. B. Hornibrook, ASTM bulletin No. 101, 
Dee. 1939, p. 5. 
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The bars containing one-eighth of a gallon 
of used oil and two-thirds of a gallon of used 
oil showed a loss in N? of 17 and 22 percent, 
respectively, after 70 cycles of freezing and 
thawing. The flexural strengths were 66 and 
55 percent of that of the unfrozen specimens. 
However, these concretes contained 5.2 and 
10.0 percent air. The durability factors for 
these bars were 83 and 78 representing very 
good resistance to freezing and thawing. 

The results of the volume change tests are 
shown in table 11 and in figure 10. The bars 
for the volume change tests were made with 
stainless steel gauge plugs cast in the ends, 
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Figure 10.—Effect of admixtures of oils on the shrinkage of concrete. 


Table 10.—Effect of oils on the resistance of concrete to freezing and thawing in water! 






























| | Flexural strength, 
Admixture Loss in N? at— | | 3- by 4- by 16-inch 
Dura- | beams ¢ 
— Air? | bility | l 
} factor 3 i 
. - | a on Freezing 
reer | 6 | 11 25 | 35 50 70 

pases 7 eycles| cycles! cycles| cycles| cycles! cycles | Control | . 
| | ean Peat ed 

Gal./sack | pet. | Pet. | Pet. | Pet. | Pet. | Pet. | Pet. | Psi. | Psi. 
EES ee rere eaenee | £2 A EES S| ag pete Sy ES 970 235 (24) 
34 Paraffin base oil_ J ee 32 we i | ee Ce 7 1, 030 305 (30) 

24 Asphalt base oil_ J BS 35 eae ite ae a 895 285(31) 

4g Used crankease oil_..._| 5.2 7 ai; Bt 14 17 83 905 600 (66) 

ie RE PG Adicayt Den ee | 10.0 6 17 | 12 | 12 17 22 78 740 | 410(55) 

















1 Each value is average of 3 tests on 3 beams. 
2 Air content determined by ASTM tentative method C231-49T. 
3 Durability factor calculated at 70 cycles of freezing and thawing. 


4 Beams tested with bottom as molded in tension (4-inch depth). 


strength of 


the corresponding unfrozen control specimens. 


Figures in parentheses indicate the percentage of t:¢ 
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Calcium chloride 





Thawing agent 


Figure 11.—Effect of thawing agent on the resistance of non-air- 
entrained concrete after 17 cycles of laboratory freezing and 


thawing. 


They were stored in moist air in the molds 
for 2 days. After removal from the molds, 
they were stored in laboratory air at 72° F. 
and 50 percent relative humidity. The bars 
were measured when they were removed from 
the moist room and then after regular intervals 
of drying. The percent reduction in length 
was calculated from these measurements. 
After 180 days storage, the test was discon- 
tinued. All the concretes containing admix- 
tures showed less shrinkage than the plain 
concrete. 


Use of urea, part 4 

Urea, an organic compound, which is 
reported to be non-corrosive to metals, had 
been suggested as a thawing agent to replace 
the more commonly used chlorides particularly 
on streets with underground streetcar cables. 
The tests in this investigation were made to 
compare the ice-melting properties of urea 
with calcium chloride and to study the effect 
of urea on the surface of non-air-entrained 
concrete when used for ice removal. 

A comparison was made of concrete slabs 
on which no thawing agent was used with 
slabs on which either calcium chloride or urea 
was used. The rate of application of the 
thawing agent was varied from 1 to 3 pounds 
per square yard of exposed surface of the slab. 
Table 12 shows the scale ratings at 10, 15, and 
17 cycles of freezing and thawing, and figure 11 
shows the slabs after 17 cycles. The slabs 
shown in the figure were thawed with 2 pounds 
per square yard of either salt applied to the 
surface of the slabs. 


In general, the rate of application of the 
thawing agent appeared to have only a slight 
effect on the scale resistance of the concrete, 
After 10 cycles, the slabs on which 1 pound of 
calcium chloride was used had a rating of 7 
and the ones on which 2 or 3 pounds were used 
had ratings of 9. After 15 cycles all specimens 
on which calcium chloride was used had a 
rating of 10. 

The specimens on which urea was used, in 
general, showed slightly less scaling than those 
on which calcium chloride was used. The use 
of smaller amounts of urea per square yard 
of surface caused less depth of scaling and 
also appeared to retard the start of scaling 
slightly as may be seen from the ratings in 
table 12. 

The rate of thawing of the ice on the slabs 
on which urea was used appeared to be slower 
than the thawing rate when calcium chloride 
was used. The slabs on which no thawing 
agent was used showed only light scale after 
17 cycles of freezing and thawing in the air of 
the laboratory. 


Use of rust inhibitor 

It is claimed that the corrosive effect of 
calcium chloride on steel such as automobile 
fenders can be greatly retarded by inhibiting 
the action with buffer materials. Two 
different percentages of an inhibitor were 
mixed with calcium chloride and applied to 
the surface of the concrete slabs. The mix- 
ture containing 1 percent inhibitor by weight 
of the calcium chloride was used at three 
different rates of application, 1, 2, and 3 


Table 11.—Effect of oils on the drying shrinkage of concrete ! 

















Reduction in length (0.001 percent) after storage in labo- 
Admixture — air at 72° F. and 50 percent relative humidity 
‘or— 

SS Se ee a ad Es Eh re ee 

| | | = | | 
4 5 | 20 | 50 70 100 150 180 

LIT » | | 

ount | Type | | days days | days days days | days days 

( iL[sack | : | Pet | | | 
ae ee ee 1.2 6 17 | 38 | 40 48 | 48 | 48 
(ee 1.3 6 16 34 | 35 | 36 | 35| 36 
33 Aeemens wee Ol. .....-.--- =<. ....... ye 6 12 31 | 31 36 | 35 35 
38 Used crankease oil.__.---..-_------__- 5.2 8 16 37 | 37 | 43 41 41 
38 | Rees | ee ee ets 10.0 4 17 40 40 | 47 | 44 44 

















Each value is average of tests of 3 beams. 


* Air content determined by ASTM tentative method C231-49T. 
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Table 12.—Effect of urea and inhibitor for 
calcium chloride on the resistance of con- 
crete slabs to scaling, part 4 of laboratory 
tests ! 























Rating after freezing 
and thawing for— 
Rate of application and 
thawing agent | 
10 15 17 
eycles | cycles | cycles 
None.-- 2 3 3 
1 1b. per ‘sq. -yd.: 
oS 7 10 10 
CaCl. +1 % inhibitor. 7 s S 
CaCh+5 % inhibitor - 7 8 8 
Wiles si 5c2... ‘ ae 5 8 8 
2 1b. per sq. yd.: 
COME boc occuasccpacts~s 9 10 10 
CaCl.+1 % inhibitor ---- 8 9 10 
| eS eee 6 8 9 
3 1b. per sq. yd.: 
io 2a ee 9 10 10 
CaCl+1 % -inhibitor___- 10 10 10 
Oreha cance . 8 9 10 











Slabs cured in moist 
Concrete 


1 Each value is the average of 3 tests. 
air 14 days and then laboratory air for 90 days. 
was non-air-entrained. 


pounds per square yard, and the mixture 
containing 5 percent inhibitor was used only 
at the rate of 1 pound per square yard of sur- 
face. 

In table 12 are shown the relative scaling 
ratings determined after 10, 15, and 17 cycles 
of freezing and thawing. It will be noted 
that the rust inhibitor had little effect on the 
sealing action of the concrete caused by 
calcium chloride and its use as a rust inhibitor 
with calcium chloride would have no practical 
significance as far as the resistance of the 
concrete is concerned. There appeared to 
be no difference in the extent of scaling on the 
slabs between those on which mixtures of 1 
percent and 5 percent inhibitor were used 
with the thawing agent. 


Vacuum treatment, part 5 


It has been demonstrated that the use of 
vacuum mats consolidates plastic concrete 
with the consolidation probably being greater 
at the surface than in the body of the concrete. 

Vacuum treatment was applied to two 
types of concrete, air-entrained and non-air- 
entrained. Two cement contents, 6 and 7 
sacks per cubic yard, were used with and with- 
out air. The details of the mixes and the 
air contents are shown in table 2. The 
method of using simulated the commercial 
method of application to flat slabs using a 
vacuum pad and pump. The scale ratings 
are given in table 13. 

The non-air-entrained concrete containing 
6 sacks of cement per cubic yard and subjected 
to a vacuum treatment showed a much 
improved surface resistance to the action of 
the chloride as compared to the untreated 
concrete. The slabs made from concrete 
containing 6 sacks of cement, non-air-en- 
trained, and untreated were rated 10 at 30 
cycles, whereas those with the vacuum treat- 
ment were rated only 4 after 55 cycles. 
Photographs of the slabs for the concrete 
containing 6 sacks of cement per cubic yard 
are shown in figure 12 and for the 7-sack 
concrete in figure 13. 

In the case of the concrete containing 7 
sacks of cement without entrained air, the 
improvement was very much less than that 
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observed for similar concrete containing 6 
sacks of cement per cubic yard. The 
vacuum-treated slabs were rated 8 at 30 
cycles and 10 at 55 cycles as compared to the 
6-sack concrete rated 3 at 30 cycles and 4 at 
55 cycles. This is in agreement with other 
tests of vacuum placing of concrete. It has 
been observed that the leaner mixes are 
compacted more because of the greater 
quantity of water removed. 

It was found that concretes with air entrain- 
ment and containing both 6 and 7 sacks of 
cement per cubic yard were greatly improved 
in resistance to the chloride attack by use of 
the vacuum method. This was not antici- 
pated as it was believed that the vacuum 
treatment would not benefit air-entrained 
concrete because such concrete has inherent 
resistance in the first place, and secondly the 
vacuum treatment would lower the air content 
at the surface. The only explanation that 
appears reasonable is the probable reduction 
in the water-cement ratio at the surface of the 
concrete. 





Figure 14.—Exposure area for test specimens 


Discussion of Outdoor Tests 


As mentioned earlier in this report, the con- 
crete specimens for the outdoor exposure test 


were 16 by 24 by 4inches deep. The concrete 
contained approximately 6 bags of cement per 


6 sacks of cement per cubic yard 


7.4 percent air 









es 


ns Es 
6 € 54 





30 cycles 
Plain 


55 cycle 
Vacuum 


55 cycles 
Plain 


Figure 12.—Effect of vacuum-surface treatment on resistance to scaling of concrete after 
indicated cycles of laboratory freezing and thawing with calcium chloride. 


55 cycles 
Vacuum 


7 sacks of cement per cubic yard 


1.7 percent air 7.8 percent air 





30 cycles 55 cycles 55 cycles 55 cycles 
Plain Vacuum Plain Vacuum 


Figure 13.—Effect of vacuum-surface treatment on resistance to scaling of concrete after 
indicated cycles of laboratory freezing and thawing with calcium chloride. 
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cubic yard and the maximum size of aggregate 
was 1 inch. Further details of the concrete 
proportions are given in table 14. Two 
cements were used, a high and a low alkali 
cement; table 1 shows the chemical analyses 
of the cements. 

The specimens exposed outdoors during the 
winter of 1951-52 were cast in water-tight 
wooden molds with metal bottoms. The 
concrete specimens were made in the lab- 
oratory during the spring of 1951, and cured 
in the moist room until the summer of 1951, 
They were then placed outdoors and in the 
fall when freezing was expected, the surfaces 
were covered with from one-fourth to one-half 
inch of water. The water was held on the 
surface by the raised edge on top of the speci- 
men. On those slabs tested during the winter 
of 1951-52, 19 cycles of freezing and thawing 
were obtained. Any freezings that occurred 
on weekends are not included in the tests 
because in general no salt application was 
made on either Saturday or Sunday during 
this series. 

Figure 14 shows the expcsure plot photo- 
graphed in the spring of 1954. The method 
of examining and removing any loose mortar 
before rating the slab is shown on the cover 
page. The same scale of rating was used for 
the large slabs as for the small laboratory 
slabs. A rating of 5 or more was considered 
major scaling. 


Air-entraining admixture, part 1 


One slab was made for each admixture 
tested. As a basis of comparison two non- 
air-entrained slabs were made. The thawing 
agent used was calcium chloride and it was 
applied at the rate of 2.4 pounds per square 
yard in a manner similar to that used on the 
laboratory specimens. 

Table 15 shows the ratings of the slabs 
after 7, 12, and 19 cycles. The different 
admixtures have been arranged in the table 
in seven groups corresponding to the grouping 
in the evaluation tests of air-entraining .d- 
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‘able 13.—Effect of vacuum treatment on 
the resistance of concrete to scaling, part 
5 of laboratory tests ! 











i Rating after freezing and 
: P thawing for— 
' urface 
j Cement | Air? treatment 
| 15 | 2% | 30 | 55 
i cycles) cycles} cycles} cycles! 
Sack) | Per- 
cu. yd. | cent 
6.0 1.7 | None-.----- 3 9 10 = 
6.0 1.7 | Vacuum -.- 2 3 3 4 
6.2 7.4 | None------ 0 2 3 5 
6.2 7.4 | Vacuum _- 1 1 1 2 
7.0 1.7 | None.------ 3 9 10 nd 
7.0 1.7 | Vacuum __-_- 3 8 8 10 
ye 7.8 | None.----- 1 3 3 5 
oe | 7.8 | Vacuum..-- 0 0 0 0 





























1 Each value is average of 3 tests. Slabs stored in moist 
air 14 days followed by 21 days in laboratory air. 

2 Air content determined by ASTM tentative method 
C231-49T, 


mixtures described in a previous report and 
with the same identification numbers. 

The non-air-entrained concretes used as a 
basis of comparison had light scale over most 
of the surface and some moderately deep scale 
at 7 cycles (ratings of 5 and 6) and both were 
badly scaled (rating of 10) at the end of 19 
cycles. 

With one exception, the use of air-entrain- 
ing admixtures consisting of salts of wood 
resin resulted in concretes having very good 
resistance to the action of calcium chloride. 
The one exception, admixture No. 6, was 
rated 6 at the end of 19 cycles. 

The use of the air-entraining admixtures, 
consisting of synthetic detergents, in concrete 
was ineffective in reducing scaling. The 
concretes had poor resistance with all but two 
showing complete scaling of the surface 
(rating of 10) at 19 cycles. Even the two 
exceptions were rated 4 and 6 at 19 cycles. 

Admixtures of the sulfonated lignin type 
were effective in preventing major scaling up 
to 19 cycles at which time the tests were 
discontinued. All specimens were rated 1 at 
19 cycles. 

There were only two admixtures in the 
group of salts of petroleum acids. One of 
these in concrete had good resistance to scaling 
and the other admixture in this group was fair 
(rating of 6 at 19 cycles). 

Neither of the two admixtures made from 
salts of proteinaceous acids had much value 
in reducing scaling of concrete even though 
these admixtures entrained air comparable 





‘See footnote 3, p. 150. 


Table 14.—Mix data for slabs exposed 
outdoors, (16 by 24 by 4 inches deep) ! 























Mix by Oe- 
Concrete dry inant Water Slump} Air 
weight : 
Pounds | Sack/| Gal./ | Inches| Per- 
cu.yd.| sack cent 
Non-air-entrained_| 94-215- | 6.0 6.1 3.0 1.8 
315 
\ir-entrained__..| 94-200- | 6.0 5.6 | 3.0 6.0 
315 
| 














' Sigures given are average values for parts 1 to 4 inclusive. 


In part 2, 33% percent of the cement was replaced by equal 
Soli volume of fly ash. Materials used: Type I cement, 
brands A and B; siliceous sand, F. M.=2.70; crushed lime- 
Stor's Coarse aggregate, 1-inch maximum size. 
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with the other air-entraining admixtures. At 
the end of 19 cycles the surfaces of the con- 
cretes were nearly as bad as those concretes 
containing no air-entraining admixtures. How- 
ever, major scaling was delayed to 10 or 12 
cycles. 


The four admixtures consisting of fatty 
and resinous acids and their salts were very 
effective and all the concretes in which they 
were used showed excellent resistance to 
calcium chloride attack. Likewise the ad- 
mixture containing organic salts of sulfonated 
hydrocarbons was of value in concrete in 
preventing scaling caused by the surface 
application of calcium chloride. 


These tests are of particular interest because 
they show that the percentage of entrained 
air alone may not be the controlling factor in 
determining the degree of resistance to calcium 





chloride attack. Some of the concrete having 
air contents below 4.5 percent showed good 
resistance and some containing air contents 
over 5 percent showed rather poor resistance. 

After the 19 cycles of freezing and thawing 
with calcium chloride, the slabs were sawed 
into five 4- by 4- by 16-inch beams. These 
beams were tested for flexural strength on a 
12-inch span with center-point loading. The 
tops as molded (the surface on which calcium 
chloride was used) were in tension. The 
strengths were relatively high with only one 
value below 700 p.s.i. modulus of rupture 
which indicates that the concrete under the 
scale was structurally sound. 


Other Variables Considered 


Because a single slab was made for each 
condition in the preliminary investigation, it 


Table 15.—Effect of air-entraining admixtures on resistance of concrete to scaling, 
preliminary tests of cement brand A molded on a metal base and exposed outdoors ! 





























































































































| | an after freezing and 
ie ' thawing for— Modulus of 
Admixture number Air rupture 2 
| 7 cycles 12 cycles 19 cycles 
BasSE MIx: NO AIR-ENTRAINING ADMIXTURE 
Percent | P.s.i 
PN esses ee a ene ne ee er Be 6 8 10 905 
ae Se ee 1.3 5 7 10 755 
SALTS OF Woop RESIN 
I ES a hE eae 5.5 | 1 | 1 2 | 830 
GRRE Sa se ES SAE 6.2 | 1 1 1 710 
akeoSacaeonasewaeese EN eos eee ees 6.4 1 | 2 2 650 
eee ee ‘a 5.2 1 | 2 a 810 
SO aE Se eye eee oer 5.6 0 1 3 775 
Ga. Gansta dcaccspuuearuuesdacboncesss 5.0 1 4 6 S800 
ph SESE a ft weuweae ie 4.5 0 1 2 | 830 
SYNTHETIC DETERGENTS 
Di: Eicchashbexwgs sckiecomuduacsamcnse yah eka 6.4 1 3 6 705 
SE Cre eee a s 5.0 1 2 4 780 
SESE ee a ee ea eat ee 4.0 4 8 10 815 
(ERS See Selene eee - 4.8 3 8 10 770 
DE wédcdcowidoucinecaakownashaawees 4.8 3 7 10 750 
DE eee tent duyneeeddowaunasan teens 4.8 3 7 10 750 
Pee assess ioct en cctenene sy aeweducdeunsaes -| 5.4 | 1 6 10 | 7 
| | r Bo Al Soames 
SALTS OF SULFONATED LIGNIN 
ate eee ‘ 5.8 0 1 1 940 
SE Se a ee ee ee 6.7 | 0 1 1 | 87 
lc ndctipdtintivtawwetennnhaene agus ited 6.4 0 1 1 935 
thee cesigndnépwavenweeddvemaencedonted | 3.2 | 0 1 1 1080 
SALTS OF PETROLEUM ACIDS 
Or es os ee alain Miata ab aticntenls eae 6.5 | 0 0 1 790 
i  Scact saline Orci cena oe trices Sale ee ear | 5.0 2 4 6 860 
SALTS OF PROTEINACEOUS MATERIALS 
WRG Ski S cluwidabomuctasdedecrenteues aauwbeneeaes §.1 | 3 5 8 790 
BS vee bingo stinks when hs pebiea eneeseae | 5.6 2 6 9 750 
FATTY AND RESINOUS ACIDS AND THEIR SALTS 
4.2 | 1 1 1 860 
5.6 | 0 1 1 815 
4.8 0 1 2 810 
6.4 | 1 1 2 825 
ORGANIC SALTS OF SULFONATED HYDROCARBONS 
DR i sintioc acsartacncsedmbanasnenn tea teneinietensnehs 5.3 | 0 1 1 810 




















1 Slabs made Feb. 1951, stored in moist air about 100 days. 
the winter of 1951-52. 


2 After 19 cycles of freezing and thawing each slab was sawed into five 4- by 4- by 16-inch beams. 


Outdoor freezing and thawing with CaCls for 19 cycles during 


The beams were tested 


by center loading on a 12-inch span with the top as molded in tension. 
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Table 16.—Effect of air-entraining admixtures on resistance of concrete to scaling, part 
1, cements A and B molded on a metal base and exposed outdoors ! 











Cement A Cement B 
Rating after freezing and Rating after freezing and 
Admixture number thawing for— thawing for— 
Air a Air sscomineoman aay Gees 
| 12 Cs vy | & 51 12 17 39 Ci 51 
cycles | cycles | cycles cycles | | cycles | cycles | cycles | cycles 
| | 
BASE MIx: No AIR-ENTRAINING ADMIXTURE 
ina Pr ge ok ee Ae el is Wil as Sas rae -_ 
| Percent | Percent | 
Se ee ae a ee 6 10 10 10 1.0 4 | 8 10 10 
BG! : stocddenkenc | 2.1 1 5 10 } 10 | 2.1 | 8 10 | 10 10 
SERS RETA 1.8 8 | 10 10 » | £3 8 10 | 10 10 
| ESS Rt SR 1.9 6 10 10 | 10 | 8 10 | 10 | 10 
eS EER | 1.0 | 8 10 10 10 | 0.6 3 10 | 10 | 10 
ipa caeiccitelandindadichelindlitlie shcemasiticmattatanes ons * — _ a = 2 ee. oe | ee — 
SALTs OF Woop RESIN 
I a it 6.1 1 el @ $68: doe. | 1 1 1 
| RRS 7.3 Se eS ae . | wet 2. 34 2 3 
eS 6.0 Se ps ae 2 6.5 a 4a 2 2 
4 6.1 1 | 3 | 6 7 6.0 1 1 2 ie. 
6 4.9 1 | 1 | 1 2 6.6 1 1 2 2 
| RES aera 6.3 1 1 } 1 1 r a 1 | 1 2 i 3 
RE aa 5.7 1 1 1 1 ce tee Pooe , | 2 
31 4.0 1 2 2 3 5.6 | 1 ‘ : es | 2 
et 6.4 0 1 1 1 6.4 | 1 1 1 2 
SYNTHETIC DETERGENTS 
ae : : : r somes, satis 
12 6.7 1 2 2 4 5.6 : | 1 1 2 
14 5.4 1 1 2 3 4.6 1 } 2 2 2 
17 6.3 0 1 3 5 4.9 1 5 7 8 
26 8.4 0 1 1 1 4.8 1 1 1 1 
262 5.6 1 1 7 9 
SALTS OF SULFONATED LIGNIN 
ie re 1} 0 1 1 1 2 5.5 1 1 1 1 
aS am 3.7 1 1 2 2.8 | 4 5 7 
SS eee 5.1 1 1 1 2 5.5 | O 1 2 2 
SALTS OF PETROLEUM ACIDS 
P —— eee — : ae aaa at. 
11 7.4 0 1 2 4 6.7 1 | 1 1 1 
27 6.5 1 1 1 1 4.1 1 1 1 3 
arta tk iriver rains 5.1 1 1 2 2 
SALTS OF PROTEINACEOUS MATERIALS 
a ee 5.5 1 1 4 9 4.3 1 2 s 
ae - , 6.3 0 1 3 6 4.1 1 1 2 6 
FATTY AND RESINOUS ACIDS AND THEIR SALTS 
ees > | 7.6 0 1 1 3 8.4 1 1 1 1 
8 2_ es ‘ 4.3 1 1 1 5 
9 Sotnine : 6.8 1 1 1 2 5.6 1 1 2 2 
10. ; ee 6.7 0 1 1 . 5.5 1 1 1 2 
ORGANIC SALTS OF SULFONATED HYDROCARBONS 
" ep pres ea a | 
23. 7.5 1 1 | 1 | 2 | 5.6 | 1 1 1 3 
| | | | 
MISCELLANEOUS 
33. 5.7 1 1 1 2 4.5 1 2 2 2 
—, eee 5.7 1 1 1 2 6.9 1 | 1 1 1 














1 Cement A slabs made Feb.-May 1952, and cement B slabs, Mar.-June 1952, then stored in moist air 30 to 120 days and 


placed in exposure area. 
1953-54 for 34 cycles. 


Outdoor freezing and thawing with CaCl: during the winter of 1952-53 for 17 cycles and winter of 


2 Repeat of admixtures, 8, 26, and 27 with correct amount of air. 


was considered desirable to repeat the early 
work and extend it to cover other variables. 
In the spring of 1952 most of the same 27 air- 
entraining admixtures and a few other admix- 
tures received too late to be used the first 
year were used with each of two different port- 
land cements to make two series of exposure 
slabs similar to those made the previous year. 
The two cements are identified as cements A 
and B. The winter of 1952-53 was very 
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mild and the 17 cycles obtained were not 
nearly so severe as those obtained the previous 
winter. Under the conditions of test all the 
concretes regardless of the air-entraining ad- 
mixture or brand of cement gave good resist- 
ance after the first year of exposure. These 
slabs remained in the exposure area during 
the summer of 1953 and were all tested again 
during the winter of 1953-54 and were subject 
to an additional 34 cycles of freezing and 





thawing, making a total of 51 cycles. 


Thirty- 
four cycles were obtained by making tests o: 


Saturdays and Sundays. However, this was 
also a mild winter with the temperatur» 
seldom falling below 25° F. 

The ratings of the slabs made with cements 
Aand Bare givenin table 16. Itisinterestin.: 
to note that the extent of scaling at the end of 
51 cycles in general was not as severe as that 
obtained in the earlier test in 1951-52 where 
the concrete was exposed to only 19 cycles of 
severe freezing. The two mild winters anid 
the greater age of the slabs at the time of the 
second exposure probably accounted for the 
better resistance of the second series of tests. 

Two slabs were made using admixture No. 
26 and cement A. In the first the air content 
was 8.4 percent which was greater than in- 
tended. For this reason another slab was 
made with an air content of 5.6 percent. The 
slabs with 5.6 percent air were badly scaled 
(rating of 9) at 51 cycles, whereas the slab 
with 8.4 percent had a rating of 1 at 51 cycles. 
This was an indication that slight differences 
in air contents may account for differences in 
the sealing on different slabs containing the 
same admixture. However, when this admix- 
ture was used in concrete with cement B and the 
air content was only 4.8 percent, the resistance 
to attack by calcium chloride was very good. 

A comparison of the results obtained with 
the two cements used indicates that the slabs 
containing type B cement were not as severely 
attacked as those made from type A. In the 
group of wood resins the concretes containing 
admixtures 2 and 4 showed ratings of 3 for 
type B cement at the end of 51 cycles, and the 
same admixture made with type A cement had 
scale ratings of 6 and 7, respectively. In the 
case of concretes containing synthetic deter- 
gents, all the slabs with cement A showed 
extensive scaling except the one containing 
8.4 percent air, whereas with those made with 
cement B only one of the four slabs showed 
more than slight (rating 2) scaling. 

The concrete slab containing cement B 
and admixture No. 19, sulfonated lignin, and 
having an air content of 2.8 percent had a 
rating of 7 at 51 cycles, whereas all the other 
slabs with higher air contents containing 
sulfonated lignin had ratings of 2 or less. The 
lack of resistance to salt action of the one slab 
in this group may be attributed to the low 
percentage of entrained air. 

The concretes containing salts of petroleum 
acids, fatty acids and resinous acids and their 
salts, and the miscellaneous air-entraining ad- 
mixtures showed satisfactory resistance when 
used with both cements. 

The concretes containing salts of protein- 
aceous materials showed major scaling with 
both cements. 

One or two representative air-entraining ad- 
mixtures of each group were used in concrete 
cast on a sand base. Comparable slabs were 
cast for both cements A and B. The ratings 
of these slabs are shown in table 17. Only 
one slab with cement B had a rating of 3, two 
had a rating of 1, and the others were rated 2 
at 51 cycles. 

Table 18 shows a direct comparison between 
metal and sand bases. In general, the action 
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‘able 17.—Effect of sand bases on resistance of air-entrained concrete to scaling, part 1, Table 18.—Comparison of metal and sand 















































































































































cements A and B molded on a sand base and exposed outdoors ! bases on the resistance of air-entrained 
concrete to scaling, part 1 of outdoor 
i 1 
i Cement A Cement B tests 
Rating after freezing and Rating after freezing and Rating at 51 cycles 
Admixture number thawing for— | thawing for— 
| Air Air | l ——a Admixture number Cement A Cement B 
| 12 17 39 51 i So) we ) ot a | ) ent 
cycles | cycles | cycles | cycles | cycles | cycles | cycles | cycles Metal | Sand | Metal | Sand 
Tes eel base | base base base 
BasE Mix: NO AIR-ENTRAINING ADMIXTURE 
ae —_ a Tone } cid ) 
Percent Percent | | RR TES AI . . = = 
| Cada FR on aaa be Be 1.1 1 8 10 10 0.6 2 | 4 8 | 10 ot os ee ok ae : : 
a ee 19__- be og 2 7 3 
nd wc yee Re eer 1 | « « 
SALTS OF Woop RESIN eater ey tok = 2 : : 2 
iE 10.... | 2 2 2 2 
| 9 9 « « 
Bid a ie he ib ind adie 5.0 1 2 2 2 6.0 | 1 | 1 ‘ies staaaces *. ’ $ 1 
| | | 
rs 9 1 These data also appear in tables 16-17. 
SYNTHETIC DETERGENTS 
7 —_—_—— of calcium chloride is less severe on air-en- 
13_....-...----------.==.---- 3.7 1 2 a ae. 4.5 1 1 1 2 trained concrete that is cast on a sand base 
Se yea ee RD ar at. y 2 4 2 a i a ae 1 1 ; ‘ 
| | | than when the concrete is cast in a water- 
Sake dn Wkebitien Canin tight metal based mold that does not allow 
pe Sain a any of the water to escape from the plastic 
ORR NTS 3.5 1 1 2 2 2.6 1 | 1 | 2 | 3 concrete. 
; aaa aa aa | Use of fly ash, part 2 
SALTS OF PETROLEUM ACIDS y >P 
——_—— Four fly ashes, a fine and coarse fly ash 
Ess eS a Ee = 4.3 1 2 2 3 4.3 1 | 1 | 1 | 2 from each of two sources, were each used to 
=< Soe ee: ee replace 3335 percent of the cement in a 6-sack 
SALTS OF PROTEINACEOUS MATERIALS mix. The fly ashes (A and B, table 19) from 
|  e one source had earbon contents of less than 1 
ic rinicg nnn tse eine ne &5 t 3 2 8 3.7 aah ie P—- -) = percent and those from the other source (X 
Toe eas oo en and Y, table 19) had carbon contents of 5.0 
FATTY AND REsINOUS ACIDS AND THEIR SALTS 
ee aoe ee and 11.2 percent. From each source the coarser 
| é >» is « ia ey 7 , 
Wii fords 9s. 9. ah55, 43 1 2 2 2 42 | 1 2 | 2 | 9 material had the lower carbon content. Two 
ee Eee eee cements were used, cement A and cement B. 
ORGANIC SALTS OF SULFONATED HYDROCARBONS Cement B had a very low alkali content and 
——————or oT 7 — cement A a high alkali content. Table 1 
eee 5.3 1 2 2 3 6.1 | 1 1 | 1 1 contains a comparison of the chemical anal- 




















yses and calculated compound composition. 
The concrete for the exposure slabs was 
cast in molds with metal bases. Two types of 


1 Slabs made in June 1952, stored in moist air for 30 days, and then stored in exposure area. Outdoor freezing and thawing 
with CaCl: during the winter of 1952-53 for 17 cycles and during the winter of 1953-54 for 34 cycles. 








No fly ash Fly ash A Fly ash B Fly ash X Fly ash Y 
' . a. Te ae oe = . ene ue ; 
; =. AS 5 a 
Cement A - 
Non-air- 
entrained 
Cement A 


Air-entrained 


Cement B 
Non-air- 
entrained 


Cement B 
Air-entrained 


Fivure 15.—Effect of fly ash on resistance of concrete to scaling. Test panels photographed in 1954 after 51 cycles of outdoor freezing 
and thawing with calcium chloride. 
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Table 19.—Effect of fly ash on resistance of concrete to scaling, part 2, cements A and B 
molded on metal bases and exposed outdoors ! 












































| Rating after freezing and thawing for— 
Cement Fly ash 2 Air 3 
| 12 cycles 17 cycles 39 cycles 51 cycles 
NON-AIR-ENTRAINED CONCRETE: CEMENT A 
Percent 
A None 1.0 5 8 10 10 
A A 1.0 6 8 10 10 
A B 1.0 6 8 10 10 
A x 1.0 7 8 10 10 
A > 3 1.0 6 8 10 10 
AIR-ENTRAINED CONCRETE: CEMENT A 

A None 4.0 1 2 2 3 
A A 4.6 2 3 3 4 
A B 5.4 3 4 4 4 
A x 4.9 4 6 7 7 
A = 4.3 4 6 6 7 

Non-AIR-ENTRAINED CONCRETE: CEMENT B 
B None 1.0 3 8 10 10 
B A 1.0 4 8 9 10 
B B 1.0 4 8 10 10 
B x 1.0 6 8 10 10 
B Y 1.0 5 8 10 10 

AIR-ENTRAINED CONCRETE: CEMENT B 

B None 6.8 1 2 2 2 
B A 4.0 1 2 4 4 
B B 3.3 5 6 i 7 
B x 3.9 6 8 8 8 
B ¥ 5.8 6 8 8 8 

















1 Slabs made June 1952, stored in moist air 30 days, then stored in exposure area. 


Outdoor freezing and thawing with 


CaCh during the winter of 1952-53 for 17 cycles and during the winter of 1953-54 for 34 cycles. 


Where fly ash was 


, 3314 percent of the cement was replaced by an equal volume of fly ash. 


3 Air in non-air-entrained mixes calculated, others measured by ASTM tentative method C231-49T. 


concrete were used, non-air-entrained and air- 
entrained concrete. The ratings at 12, 17, 
39, and 51 cycles are shown in table 19, and 
photographs at 51 cycles are shown in figure 15. 


The plain concretes without air-entrainment 
and without fly ash replacements for part of 
the cement had very poor resistance to attack 
by the chloride salt. None of the fly ashes 
used as replacements for part of the cement 
were effectual in improving the resistance of 
non-air-entrained concrete to attack by cal- 
cium chloride. 


Entrained air greatly increased the resist- 
ance of the plain concrete. In air-entrained 
concrete all the fly ash replacements for 
cement were detrimental to the resistance to 
sealing of the concrete, as indicated by the 
ratings of 4 to 8. The alkali content of the 
cement appeared to have had no relation to 
the resistance of the resulting concrete to at- 
tack by calcium chloride used for ice removal. 
The extent of attack by calcium chloride did 
not appear to differ much with the brand of 
cement or with the fly ash used as a replace- 
ment for cement. 


Type of curing, part 3 


Table 20 gives the ratings of concrete slabs 
cured by different methods. Portland cement 
A was used in all slabs. The slabs were cast 
outdoors in wood molds on sand bases and 
remained in the molds for 3 days. They were 
then removed from the molds, the sides 
painted, and the slabs placed in the exposure 
area. Two rounds of slabs were made for the 
non-air-entrained concrete on different days, 
and one round for the air-entrained concrete. 
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For purposes of comparison, slabs given no 
curing were cast in molds with metal bases and 
with sand bases. 





Considerable difference in resistance was 
observed between the two rounds of test slabs, 
regardless of curing treatment. All the slabs 
in round 1, even the slab given no curing, 
showed better resistance than those cast in 
round 2 except burlap plus oil. This difference 
in rounds is a common experience in curing 
studies carried out under the humidity condi- 
tions which prevail in the Washington area. 
Because of the greater attack on the slabs in 
round 2, differences due to curing are more 
apparent. In the discussion that follows only 
the second round is considered. 

In general, the different methods of curing 
had little effect on the scale resistance of the 
resulting concrete. Wet burlap curing for 3 
days followed by a lubricating oil surface 
treatment at 28 days was effective in reducing 
scaling. Concrete containing an admixture of 
lubricating oil and cured 3 days under wet 
burlap was also effective in reducing scaling. 

With air-entrained concrete little or no 
scaling occurred, and it is not possible to dis- 
tinguish between the relative effect of any of 
the curing methods tried. 


Vacuum treatment, part 4 


Comparisons were made between the regular 
method of finishing concrete and the vacuum 
method. The ratings of the slabs after various 
cycles are shown in table 21. These specimens 
were made and cured outdoors. After curing 
under wet burlap for 3 days the sides were 
waterproofed and the slabs were then placed 
in the exposure area. 


Non-air-entrained concrete was cast in 
molds with metal bases and in molds with 


Table 20.—Effect of curing on resistance of concrete to scaling, part 3, cement A molded 
on bases indicated and exposed outdoors ! 












































Rating after freezing 
and thawing for— 
Type base Initial curing? Surface treatment 3 Admixture 
12 17 39 51 
cycles} cycles} cycles) cycles 
NoON-AIR-ENTRAINED CONCRETE 4 
See eee TS anime dqkceweeeke CR ee ees Ea See ee 1 1 1 1 
EE ee TR sasacsan cits see aniiadodna nial NE ee RSS Ce. | RES Se Ss Se 1 s 4 6 
| , Tea | EEE We : SRR eee eee We secnci thease 0 1 1 1 
PR nianknivnes aot SES | eae SEERA See? _ SE eee 1 2 2 3 
SE 2 EE ER _ , aa ee SS 0 1 1 1 
| Se, ey _ eee _ SERRATE _ | SIRS ASAE RSE Sere 1 3 3 4 
SEI WPS: | Sees Lubricating oil__- a Sea e eee! 0 1 1 1 
ER: “BNF | SPREE EA, FR . ee Bae at See 0 1 1 1 
ESS Se _| SERS ee None. - -- Lubricating oil__------ 0 1 1 1 
| ARRAS) <p"  EARRRCSE RE BANS do- I Ee 1 1 2 2 
SE ae See _ _ See aee’ Sa eee 0 1 1 1 
Se = ___ EES REY EERE SE, Stee ” SAS SP ere 1 2 4 9 
| ee | SSeS ee EE ee Serena: 0 1 3 5 
ee Membrane A--_-_------ CO aes SE RTE EE. 1 1 1 1 
| | Se | ES Kee Siena se a ea ee A 0 1 1 4 
| ee Membrane B-_-_--- a Se a SS eee 1 1 1 1 
SERRE Pee Se eer eee a [ See ee 0 1 1 2 
| Lubricating oil___.--_- SESS | Lubricating oil__------ 0 1 2 2 
; SER, 2 ae” PESO EEE eee | >| PAIRS CBee 5 Ob 1 1 1 5 
} RS: RE Weick caoe |----- _ ee eee | ee See 0 1 2 3 
0 1 | 1 2 
0 1 1 1 
1 3| 3 2 
1 ms 1 1 
0 2 1 
d 0 1 1 2 
ee Membrane B--_--..--|----- _ | RE Ite . SS eee 0 1 2 2 
Cee Used crankcase oil - ---|-.-.- ae Used crankcase oil_-..| 0 0 2 2 

















1 All slabs made outdoors in July 1952, removed from molds after 3 days, and then stored in exposure area. 


Outdoor 


freezing and thawing with CaCl: during the winter of 1952-53 for 17 cycles and the winter of 1953-54 for 34 cycles. 
2 Curing applied after 114 hours of placing of slab and if removed, removed after 3 days. 


3 Surface protective treatment applied after 28 days. 


‘4 Air content of non-air-entrained concrete approximately 2 percent. 
5 Air content of air-entrained concrete approximately 414 percent, 
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JTable 21.—Effect of vacuum surface treatment on resistance of plain and air-entrained 
concrete to scaling, part 4, cement A molded on bases indicated and exposed outdoors ! 






































| Rating after freezing and thawing for— 

Air Type base Surface treatment ? 

| 12 cycles 17 cycles | 39 cycles | 51 cycles 

Percent | 
1.0 | Metal.......-..--------- el ee 1 1 8 10 
or eee fer eee nab: ee “Se es 1 4 | 10 10 
3 ek eee ee en We 2555. 1 2 | 4 6 
2 i See - ea eee! a ee ae, 1 4 | 7 10 

| 
1.0 Sand__-- None... -| 1 1 9 10 
5 a | ae BT a ee laa See eS 1 4 10 10 
ae, Bee eG 692% ed at a ees | 1 1 2 4 
8. teased NEE SCS e nce Sian: _ A aaa | 0 1 2 3 
| 
a eee . a ee a ee ee 1 1 2 4 
2.6 ta | te eines ie eyelets alee eens ee } 0 1 2 | 2 
3.2 a See eee 2 ene | 1 1 2 2 
3.2 a O° ETI. Kete! Vactnm......_...... | 0 1 1 1 
5.2 ts ae ees eee eres Meee } 0 1 2 2 
2 i ~ “Oey wee ee } 0 1 1 1 
6.1 ‘| CEES 5. 1 alli a | 1 1 2 2 
Se ee tiie dies ts 2 cakens bee eee 0 1 1 1 
SS a eee * RE a a Sean 1 1 3 3 
7.0 At) ESR Ae eee 0 1 1 2 
a Sees __ MSS eee ree aa 0 1 1 1 
a eee . | RES Ree Abt IN obs encdaeens- 0 0 0 0 
1 Slabs made outdoors in September 1952, cured with wet burlap for 3 days, and then stored in exposure area. Outdoor 


freezing and thawing with CaCl, during the winter of 1952-53 for 17 cycles and the winter of 1953-54 for 34 cycles. 


2 Vacuum applied to surface of plastic concrete for }4 hour. 


damp sand bases. One-half of the specimens 
cast in each type base were finished in the reg- 
ular manner by brooming and the other half 
were subjected to vacuum finishing using a 


(1) Experimental use of otl-solvent treatment 
to control salt scale of concrete pavement, 
Illinois Department of Public Works 
and Buildings, Division of Highways, 
Illinois Highway Research Project No. 
17, Progress Report No. 1, Apr. 1954; 
also Highway Research Abstracts, 
July 1954, vol. 24, No, 7. 


(2) Effect of age of concrete on its resistance to 
scaling caused by using calcium chloride 
for ice removal, by W. C. Hansen, 
Journal of the American Concrete 
Institute, Jan. 1954, vol. 25, No. 5, 
p. 341. 


(3) Salt and phosphate to fight snow problems, 
American City, Sept. 1952, vol. 67, 
No. 9, p. 108. (Article describes use 
of Banox, a phosphate rust inhibitor.) 


\4) Scarboro test road (a picture), The Maine 
Trail, Aug. 1952, vol. 12, No. 5, p. 20. 
(West lane has air-entrained cement 
and shows hardly a surface blemish; 
other three lanes have normal cement 
which is badly scaled and patched. 
The scaling is due to freezing and 
thawing and use of salts.) 


(5) Control of concrete pavement scaling caused 
by chloride salts, by B. D. Tallamy, 
Journal of the American Concrete 
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vacuum pad covering the entire surface of the 
concrete. A vacuum of 18 to 25 inches of 
mercury was applied for about 30 minutes. 
The vacuum pad was removed and the speci- 


REFERENCES 


Institute, Mar. 1949, vol. 20, No. 7, 
p. 513; also discussion by L. E. 
Andrews, H. F. Gonnerman, Eivind 
Hognestad, Ira Paul, and A. G. Timms, 
Journal of the American Concrete In- 
stitute, Part II, Dec. 1949, vol. 21, 
No. 4, p. 520-1. 


(6) Requisites and specifications for curing 
concrete, by H. C. Vollmer, Proceed- 
ings of the 23rd Annual Convention 
of the Association of Highway Officials 
of the North Atlantic States, 1947, 
p. 176. (Approximately 100 miles of 
concrete pavements in three New 
England States, constructed with in- 
tegral or surface calcium chloride cur- 
ing, show no scaling after 15 to 20 
years of service even though subjected 
to annual salt treatments for removal 
of ice.) 


(7) Experimental test data in connection with 
the development of chloride resisting 
concrete by the use of treated portland 
cements and blends with natural cement, 
by A. A. Anderson, Proceedings of the 
17th Annual Convention of the Asso- 
ciation of Highway Officials of the 
North Atlantic States, 1941, p. 67; 
also Explosives Engineer, Jan. 1942, 
vol. 20, No. 1, p. 10. 


men given a final trowel finish. The vacuum- 
placed slabs were covered with wet burlap 1 
hour after they were cast and the others were 
covered after 2 hours. 

The concrete cast in molds with metal bases 
and subjected to vacuum treatment had about 
the same resistance to scaling as that placed 
by the conventional methods. One of the two 
vacuum-placed specimens had a little better 
resistance than the other. In the case of the 
non-air-entrained concrete cast in molds with 
sand bases, there was a marked improvement 
in the resistance to scaling of the vacuum- 
placed specimens. It seems likely that the 
metal base mold inhibits the removal of the 
water normally withdrawn by the vacuum 
process. 

The air-entrained concrete specimens for 
vacuum treatment were cast on sand bases. 
The air content varied from 2.6 to over 10 
percent. The lowest air content of 2.6 percent 
for the untreated concrete had a rating of 4 at 
51 cycles while the comparable vacuum- 
treated concrete had a rating of 2. The un- 
treated concrete with an air content of 10+ 
percent had a rating of 1 and the correspond- 
ing treated concrete had a rating of 0. In 
every case the vacuum-placed concrete had a 
slightly greater resistance to the action of cal- 
cium chloride than its untreated counterpart. 


(8) The use of common salt for the removal of 
ice on concrete roads, by A. R. Collins, 
Roads and Road Construction, May 
1940, vol. 18, No. 209, p. 98; also 
Journal of the American Concrete 
Institute, Jan. 1941, vol. 12, No. 3, 
p. 305. 


(9) Pavement scaling successfully checked, by 
O. L. Moore, Engineering News- 
Record, Oct. 1940, vol. 125, p. 471. 


Experimental data in connection with 
chloride salts-resistant concrete pave- 
ment, by C. C. Ahles, Explosives 
Engineer, Sept. 1940, vol. 18, No. 9, 
p. 267. 


Chloride-salts-resistant concrete in pave- 
ments, by Ira Paul, Proceedings of the 
14th Annual Convention of the Asso- 
ciation of Highway Officials of the 
North Atlantic States, 1938, p. 144. 


Effect of caleium and sodium chlorides on 
concrete when used for ice removal, by 
H. F. Gonnerman, A. G. Timms, and 
T. G. Taylor, Journal of the Ameri- 
can Concrete Institute, Nov.—Dec. 
1936, vol. 8, No. 2, p. 107. 

Treatment of icy pavements, by B. C. 
Tiney, Proceedings of the 13th Annual 
Meeting of the Highway Research 
Board, Part I, 1934, vol. 13, p. 330. 


(10) 


(11) 


(12) 


(13) 
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New Publication 


The Bureau’s Highway Statistics, 1953, the 
ninth of the bulletin series presenting annual 
statistical and analytical tables of general 
interest on the subjects of motor fuel, motor 
vehicles, highway-user taxation, financing of 
highways, and highway mileage is now 
available. 

The 142-page publication may be purchased 
from the Superintendent of Documents, 
Government Printing Office, Washington 25, 
D. C., at $1.00 a copy. The full series of 
the annual bulletins are available from the 
Superintendent of Documents, as indicated 
on the inside back cover of PuBLic Roaps. 


Traffic Article Postponed 


The article Trends in Traffic Volumes, 
Vehicle Types, and Weights which has ap- 
peared annually in Pusiic Roaps magazine 
since 1946 will not be included this year. 
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The comprehensive study of highways, be- 
gun in 1954 in accordance with section 13 of 
the Federal-aid Highway Act of 1954, was 
given preference over the work of reporting 
and analyzing the 1953 traffic trends data. 
The consequent postponement of this work 


has delayed the publishing of the usual 
traffic trends article for this one year. Tabu- 


lar material, which would have been a part of 
the report had it been published, is available 
to subscribers of Pustic Roaps, and a set of 
tables giving 1953 traffic information will be 
furnished upon request. 


Traffic data furnished in conjunction with 
the Section 13 study will undoubtedly result 
in revisions being made in tables now being 
made available for 1953. Furthermore, the 
new information resulting from the Section 
13 study will make it possible to check a 
series of estimates of total rural and urban 
travel. These estimates have not been pub- 
lished since 1948, because the many circum- 
stances affecting travel made it inadvisable 
to publish the information without a sufficient 





body of current basic data to check the esti- 
mates of rural and urban travel prepared o1 
a trend basis. 

The present plan is to publish in PuBLiK 
Roaps the 1953 traffic trends data along with 
that for 1954 when it becomes available. Ii 
is expected that the consolidated article wil 
include an analysis of all rural and urbar 
travel, similar to that reported in 1948. Ee 


Errata 


The new pamphlet Revisions to the Manual 
on Uniform Traffic Control Devices for Streets 
and Highways, announced in the February 
issue of Pustic Roaps on page 141 and in- 
cluded with the list of publications on the 
inside back cover of the magazine, was in- 
correctly priced. The correct amount for 
the Manual (including the 1954 revisions 
supplement) is $1.00 instead of 90 cents. 
The price of the Revisions pamphlet alone 
is 15 cents. 
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ROADS may be obtained upon request addressed 
to Bureau of Public Roads, Washington 25, D. C. 
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The following publications are sold by the Superintendent 
of Documents, Government Printing Office, Washington 25, 
D. C. Orders should be sent direct to the Superintendent of 
Documents. Prepayment is required. 


ANNUAL REPORTS 


Work of the Public Roads Administration: 
1941, 15 cents. 1948, 20 cents. 
1942, 10 cents. 1949, 25 cents. 
Public Roads Administration Annual Reports: 
1943; 1944; 1945; 1946; 1947. 
(Free from Bureau of Public Roads) 
Annual Reports of the Bureau of Public Roads: 
1950, 25 cents. 1952, 25 cents. 1954, (out of print). 
1951, 35 cents. 1953, 25 cents. 


PUBLICATIONS 
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Electrical Equipment on Movable Bridges, No. 265T (1931). 40 
cents. 

Factual Discussion of Motortruck Operation, Regulation, and 
Taxation (1951). 30 cents. 

Federal Legislation and Regulations Relating to Highway Con- 
struction (1948). Out of print. 

Financing of Highways by Counties and Local Rural Govern- 
ments, 1931-41. 45 cents. 

Highway Bond Calculations (1936). 10 cents. 

Highway Bridge Location No. 1486D (1927). 15 cents. 

Highway Capacity Manual (1950). 75 cents. 

Highway Needs of the National Defense, House Document No. 
249 (1949). 50 cents. 

Highway Practice in the United States of America (1949). 75 
cents. 

Highway Statistics (annual): 

1945, 35 cents. 1948, 65 cents. 

1946, 50 cents. 1949, 55 cents. 

1947, 45 cents. 1950 (out of print). 
Highway Statistics, Summary to 1945. 40 cents. 
Highways in the United States, nontechnical (1954). 20 cents. 
Highways of History (1939). 25 cents. 

Identification of Rock Types (1950). Out of print. 
Interregional Highways, House Document No. 379 (1944). 75 
cents. 
Legal Aspects of Controlling Highway Access (1945). 15 cents. 
Local Rural Road Problem (1950). 20 cents. 
Manual on Uniform Traffic Control Devices for Streets and High- 
Ways (1948) (including 1954 revisions supplement). $1.00. 
ltevisions to the Manual on Uniform Traffic Control Devices 
for Streets and Highways (1954). Separate, 15 cents. 
Mathematical Theory of Vibration in Suspension Bridges (1950). 


1951, 60 cents. 
1952, 75 cents. 
1953, $1.00. 





$1.25. 
Mode! Traffic Ordinance (revised 1953). 20 cents. 


PUBLICATIONS (Cont’d) 


Motor-Vehicle Traffic Conditions in the United States, House 
Document No. 462 (1938): 
Part 1.—Nonuniformity of State Motor-Vehicle Traffic Laws, 
15 cents. 
Part 2.—Skilled Investigation at the Scene of the Accident 
Needed to Develop Causes. 10 cents. 
Part 3.—Inadequacy of State Motor-Vehicle Accident Re- 
porting. 10 cents. 
Part 4.—Official Inspection of Vehicles. 10 cents. 
Part 5.—Case Histories of Fatal Highway Accidents. 10 
cents. 
Part 6.—The Accident-Prone Driver. 10 cents. 
Principles of Highway Construction as Applied to Airports, Flight 
Strips, and Other Landing Areas for Aircraft (1943). $2.00. 
Public Control of Highway Access and Roadside Development 
(1947). 35 cents. 

Public Land Acquisition for Highway Purposes (1943). 10 cents. 

Results of Physical Tests of Road-Building Aggregate (1953). 
$1.00. 

Roadside Improvement, No. 191MP (1934). 10 cents. 

Selected Bibliography on Highway Finance (1951). 60 cents. 

Specifications for Construction of Roads and Bridges in National 
Forests and National Parks, FP—41 (1948). $1.50. 

Standard Plans for Highway Bridge Superstructures (1953). 
$1.25. 

Taxation of Motor Vehicles in 1932. 35 cents. 

Tire Wear and Tire Failures on Various Road Surfaces (1943). 
10 cents. 

Transition Curves for Highways (1940). $1.75. 


MAPS 


State Transportation Map series (available for 39 States). Uni- 
form sheets 26 by 36 inches, scale 1 inch equals 4 miles. Shows 
in colors Federal-aid and State highways with surface types, 
principal connecting roads, railroads, airports, waterways, 
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United States System of Numbered Highways together with the 
Federal-Aid Highway System (also shows in color National 
forests, parks, and other reservations). 5 by 7 feet (in 2 sheets), 
scale 1 inch equals 37 miles. $1.25. 

United States System of Numbered Highways, 28 by 42 inches, 
scale 1 inch equals 78 miles. 20 cents. 





Single copies of the following publications are available to 
highway engineers and administrators for official use, and 
may be obtained by those so qualified upon request addressed 
to the Bureau of Public Roads. They are not sold by the 
Superintendent of Documents. 


Bibliography on Automobile Parking in the United States (1946). 
Bibliography on Highway Lighting (1937). 

Bibliography on Highway Safety (1938). 

Bibliography on Land Acquisition for Public Roads (1947), 
Bibliography on Roadside Control (1949). 

Express Highways in the United States: a Bibliography (1945). 
Indexes to Pustic Roaps, volumes 17-19 and 23, 

Title Sheets for Pusiic Roaps, volumes 24-27, 








UNITED STATES 
GOVERNMENT PRINTING OFFICE 


DIVIS‘ON OF PUBLIC DOCUMENTS 
WASHINGTON 25, D. C. 





OFFICIAL BUSINESS 





If you do not desire to continue to receive 
this publication, please cueck HERE []; 
tear off this label and return it to the above 
address Your name will then be promptly 
removed from the appropriate mailing list. 











PENALTY FOR PRIVATE USE TO AVOID <® 
PAYMENT OF POSTAGE, $300 
(GPO) 
i 
ait 


































































































STATUS OF FEDERAL-AID HIGHWAY PROGRAM 
AS OF FEBRUARY 28, 1955 
(Thousand Dollars) 
ACTIVE PROGRAM 
STATE ~*~ -. ractnanmenn ONLY Sine ee enkates CONSTRUCTION UNDER WAY TOTAL 
oy = | = | & | | SS act | tes = Cs Mie 

Alabama $15,053 $13,116 $7,035 337.5| $2,308 $1,494 9-3 | $43,649 | $21,859 665.1] $59,073 $30,388] 1,011.9 

Arizona 5,301 7,194 4,814 93-7 14159 823 25.3 8,360 5,821 139.3 16,713 11,458 258.3 

Arkaneas 11,022 10,932 53996 429.6 00h 1,122 29,8 17112 8,458 423.5] 29,968 15,576] _ 882.9 

California 8,687 23,260 12,881 161.2| Y7,301 9,284 38.6| 117,811 | 58,098 333.7| 158,372 80,263] 533.5 

Colorado 14,182 7,109 4,105 104.4 3,243 L772 62.8 13,950 7,758 164.8 2h, 302 . 13,634 332.0 
Connecticut 16,170 537 268 1.7| 2,822 1,401 3.2 10,080 4,840 8,1) 13,439 6,509 13.0 

Seine 4,523 767 389 4.0] 2,064 1,032 7.0 6,866 3,793 23.9 9,697 5,214 34.9 

Florida 10,604 20,407 10,425 242.0] 10,303 5,260 61.6 20,118 | 10,345 316.9} 50,828 26,030] 620.5 

Georgia in 18,615 12,504 6,329 182.1] 10,748 4,590 45.8 52,654 | 25,197 | 1,000, 75906 36,116! 1,227.9 

Idaho 3,863 8,635 5,516 112.9] 3,427 2,139 61.1 11,940 7,506 186.1] 24,002 15,161] 360.1 

Illinois 15,239 66,585 36,654 678.2 | 16,657 8,747 116.3 64,405 33,817 298.2) 147,647 79,218] 1,092.7 P 
= 18,930 34,874 17,657 144.6 | 22,949 11,692 133.8 28,397 | 15,203 111,9| 86,220 44,552! 390.3 

Sei a 11,451 15,680 8,399 580.8] 10,282 5,614 168.9 15,965 8,928 654.8 41,927 22,941) 1,404.5 T 
Kansas 14,989 9,321 4,757 692.8 3,639 1,65 62.7 19,989 9,996 881.9 32,949 16,608] 1,637.4 

Kentucky 12,956 12,902 6,893 89.3! 4,537 2,393 75.7 26,719 | 13,407 254.0] 44,158 22,693! 49,0 P 
Louisiana 12,884 13,772 6,875 156.8 8,463 4,231 42.7 26,245 11,960 117.4 48,480 23,066 316.9 

Maine 5,939 6,861 3,738 31.8 559 283 4.5 14,942 7,574 128.8 22 , 362 11,595 165.1 u 
Maryland 6,604 22,663 11,807 65.2 | 5,398 2,598 13.2 9,427 5,097 52.0! 37,488 19,502|__ 130.4 
Massachusetts 16,409 5,809 2,894 19.2 3,494 1,740 6.4 47,845 22,347 38.8 57,148 26,981 64.4 rs 
Michigan 16,755 40,783 21,175 626.3] 13,915 7,004 193.5 36,977 18,658 228.2 91,675 46,837] 1,048.0 

Sianeests 18,128 12,030 6,285 929.0 | 8,055 4096 279.7 14,659 7,948 369.2) 34,74 18,329] 1,577 v 
Mississippi 6,888 15,421 7,521 502.3] 8,153 4,242 217.6 20,284 | 10,436 386.3] 43,858 22,198] 1,106.2 

Missouri 14,373 16,767 8,845 843.1] 13,403 7,118 89.9 64,519 | 33,285 1,002.9} 94,689 49,248} 1,935.9 

Stents 15,580 1,724 7,047 289.5 | 1,5h0 960 2k.2 22,745 | 14 048 , 36,008 22,055! 756.5. 

Nebraska 11,593 28,847 15,116 1,116.3 4,907 2,458 100.5 17,273 10,080 486.2 51,027 27,654] 1,703.0 

ate 10,548 *3,965 3,379 122.0] 1,706 1,355 22.6 4,727 | 3,870 50.7} “10,398 8,604) 195.3 

wtethnarwen a 5,611 2,168 1,259 1.7 381 19h 7 6,297 3,074 36.9 8, 4 527 50.3 

New Jersey 22,098 5 556 2,471 45.2 5,473 2,228 5.8 19,965 9,345 27.3 30,994 14,044 78.3 

New Mexico 6,769 4,600 2,860 119.9 2,754 1,706 66.3 10,200 6,531 160.3 17,554 11,097 346.5 

—— si 45,905 46,750 24,523 84.9 | 17,338 8,640 7.1 | 106,625 | 91,550 292.6 | 260,713 124,722 | 384.6 

ce Qaeien yr bg wae 339.2 ee eo 64.7 — 182598 531.4 63,685 30,379 ‘ oe: 

North 023 11,73 5,99 1,217. 3,47 1,762 303.2 91 2,45 272.51 20,130 10,212 " 

hoa e 28,200 31,503 | 15,430 |” Bich | 132502 5203 25.6 | 56,251 | 262775 117.6 | 1013256 72850 | ~732026 

Gites 21,303 pl 3,258 206.4 | 10,597 5,701 124.6 20,758 | 10,833 310.3 37,499 19,792| 641.3 

9,347 3,978 2,379 68.9 399 ahh 14.3 13,847 8,567 171.4 18,224 11,190 254.6 

at en i Oe 56,049 | 28,013 194.4 | 12,489 6,029 72 87,274 | 43,138 166.5 | 155,812 712180| __368.1 

Rhode Island 3,563 5,700 2,850 16.9 | 3,535 1,768 14.9 7,259 3,624 18.1/ 16,494 8,2h2 49.9 

South Carolina 12,234 8,506 4,665 175.4 | 2,062 1,112 21.3 14,290 7,497 255.0| 24,858 13,274] 451.7 
—— 5 586 18,755 10,603 978.9 | 2,352 1,317 155.2 6,631 3,747 | 336.7 | 27,738 15,667 | 1,470.8 

Tenpessee 14,843 18,237 9,072 419.0 9,183 4,592 102.3 30,933 13,483 340.1 58,353 27,147 861.4 

Texas 39,078 16,251 9,330 224.5 | 11,275 6,078 185.0 75,991 | 40,170 | 1,191.3| 103,517 55,578 | 1,600.8 

he 65325 5,606 4172 131.4 | 2,963 2,211 68.0 | _ 3,601 2,826 | 21.0] 12,170 9,209| 220.4 

Vermont 4,847 1,125 565 17.6 129 Th 7,377 3,675 64.2 8,631 4,314 81.8 

Virginia 16,871 10,666 5,418 171.6 4,764 2,303 61.2 19,168 9,318 207.3 34,598 17,039 440.1 
| Waagee 11,845 95259 5.362 | 3,256 1,743 35.2 | 18,934 | 9,750 | 142,.6| 32, hho 16,855 | __355.7 

West Virginia 12,065 9,889 5,026 4h 1 4,857 2,443 38.2 13,053 6,551 48.6 27,799 14,020 130.9 , 
Wess 14,324 27,883 13,692 431.0 | 1,162 597 16.2 27,407 13,906 273.6 | 56,452 28,195 720.6 

yoming 1,857 9,269 6,077 234.5 | 2,369 1,548 102 | 8,184 5,150 | 147,4/ 19,822 12,715 452,1 

Hawaii 4,031 3,514 1,757 3.2 | 1,bhl 527 2.8 5 436 24559 | 15.1] 10,391 4,843 21.1 

ene tne 5,497 5 694 2,847 6.31) 2,170 1,069 1.1 13,521 6,430 1.1) 21,385 10,346 10.5 

— ad 9,586 5,755 2,804 34.0 | 1,792 862 5.9 13,515 6,007 41,7 | 22,062 9,673 81.6 

TOTAL 663,316 766,960 | 407,152 P5299665 306,618 |157,595 |3,294.7 |1,458,932 | 735,854 |13,956.1 P,532,510 1,300,600 B1,247.3 



























































